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Introduction 


The enthusiastic reception of the first five volumes of The Encyclopedia of Elec¬ 
tronic Circuits prompted the authors to produce this volume—the sixth in the pop- 
ular series. 

Taken together, the six volumes contain approximately 6000 circuits—by far the 
largest and broadest collection of practical electronic circuits available anywhere. 

As in the other volumes, the 1000+ circuits presented here are arranged alpha¬ 
betically, by category. All circuits in this volume, as well as those from the previous 
five volumes, are included in the index, which now has approximately 6000 entries. 

We express sincere appreciation to the many electronic industry sources and 
publishers who graciously allowed us to utilize some of their materials. Their coop¬ 
eration is gratefully acknowledged. 

Once again, it gives us great pleasure to extend our sincerest thanks to Loretta 
Gonsalves-Battiste, a fine lady whose skill at the computer and willingness to work 
long and hard made on-lime delivery of the manuscript for this book possible. 

Rudolf F. Graf & William Sheets 
September 1995 
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AGC and ALC Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

AGC Audio Preamp 
3-MHz Low-Noise AGC System 
IF AGC Network 
Audio Leveler 
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AGC AUDIO PREAMP 


+12 V 



QST Fig. 1-1 

The circuit uses an easily obtained 741 op amp set for an internal gain of about 200. A portion of 
the op amp’s output signal is rectified by the 1N4148 diodes, then filtered and fed to the gate of the 
-FET input shunting circuit. As the output rises, more and more input shunting takes place. That is, 
more of the input signal is-bypassed, effectively keeping the output level constant. 

The circuit offers a 100:1 limiting action. The input level can change over a 100:1 ratio with little 
or no effect on the output level. The output level itself can be set from less than unity all the way up 
to nearly the gain of the amplifier, making the circuit usable in other applications as well. 


3-MHz LOW-NOISE AGC SYSTEM 


♦ 5V 



ANALOG DIALOG Fig. 1-2 

The AD600 dual voltage-controlled amplifier in this circuit provides a 3-MHz AGC system with 
80-dB range. 
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IF AGC NETWORK 



A simple IF AGC circuit that features wide dynamic range and excellent linearity can be achieved 
with two chips: TI’s TL026C voltage-controlled amplifier 1C and Linear Technology’s LT1014 (or any 
other similar basic quad op amp). 


AUDIO LEVELER 



1994 EXPERIMENTERS HANDBOOK Fig. 1-4 

A low power programmable compandor chip, the Signetics NE-577 IC is used. Incoming audio is 
compressed, rectified and conditioned so that the input signal level always remains about the noise 
level. The compressor is an ALC circuit that outputs a constant level and the expander part of the IC 
is not used. 
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Air-Flow Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Hot-Wire Anemometer 
Electronic Anemometer 
Air Flow Detector 
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HOT-WIRE ANEMOMETER 



All transistor? = 1/7 CA3D81 
All op amps = 1/4 LMC6484 


ELECTRONIC DESIGN Fig. 2-1 

Art anemometer can be realized by utilizing the inherent transconductance match of transistors 
in the array, instead of passive series resistances, to control filament current. As a result,, as A1 serves 
the collector current of Q4 and thereby the voltage across Rl, it simultaneously adjusts the filament 
(a 2182-type incandescent lamp denuded of its glass envelope) voltage, V r The ratio.of the filament 
to R1 current is stably maintained by the identical temperature and operating points of Q1 through 
Q4. The.net result is that A1 drives the filament temperature to the value that causes filament resis¬ 
tance to equal R 1/3 = 33 £2. This is about double the cold resistance of the filament and therefore, as¬ 
suming tungsten wire with a 0.0045/degree coefficient of resistance, represents a filament operating 
temperature of around 230°C. This is hot enough that moderate changes in ambient temperature are 
unimportant factors in filament power demand, but not so hot as to cause the filament, to burn. 

Rail-to-rail input amplifier A2 continuously serves the collector current of Q5 to V ( /R 2 , making 
the V hc of LQ5 a logarithmic function of V r A3 multiplies this log by 4 and applies the product of Q7. 
Q7 does the antilog function so that its collector current is proportional to the fourth power of V f . 
Thus, by King’s law, it’s proportional to air speed in the vicinity of the filament. This current is offset 
and scaled by A4 to produce a voltage output that, thanks to the rail-to-rail output capability of the 
LMC6484, can range from 0.01 to 4.99 V. Full-scale air speed can be adjusted, using R7, to any value 
in the range of 1 to 10 meters/s. 
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ELECTRONIC ANEMOMETER 


PROCESSOR BOARD MONITOR 

, |-, 



POPULAR ELECTRONICS 


Fig. 2 -2 


A motor used as a generator is used as a transducer to generate a dc voltage that is proportional 
to wind speed. K1 prevents the transducer voltages from being applied to the circuit if no dc power 
is present. U1A through U1D is a dc amplifier, integrator, and buffer. This circuit drives the meter M1. 
The processor board is mounted in a housing along with the generator Ml. 


AIR FLOW DETECTOR 


+ 15V 


* SELF HEATING IS USEDTO DETECT AIR FLOW 



POPULAR ELECTRONICS 


Fig. 2-3 


The self heating of a semiconductor that is cooled by airflow is used as a sensing method. 
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Alarm and Security Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Burglar Alarm Circuit 

Auto Security System Transmitter 

Home Security System 

Auto Security System Receiver 

Flashing Brake Light for Motorcycles 

Car Alarm Decoy 

Motorcycle Alarm 

Simple Bike Horn 

Door Ajar Indicator 

Motorcycle Burglar Alarm 

Horn Circuit for Motorcycle Use 
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BURGLAR ALARM CIRCUIT 



This alarm circuit, is built around a single 
4081 (CMOS) quad AND gate. It offers an exit 
and entry delay (around automatically reset 
two minutes after tripping, provided that the 
trip input is not left high). 

The arming switch must go liigh to arm or 
low to disarm. After arming, Ul-a begins to 
charge Cl via R6. Around 20 seconds later (af¬ 
ter the exit delay), Cl has a sufficient charge 
to produce a high at the pin-5 input of Ul-b. 
Also, when the circuit is armed, Q1 is turned 
on to indicate arming, and one input of 1)1-d is 
brought high. 

After the exit delay times out, if the trip in¬ 
put opens, it causes an output on gate Ul-b. 
Transistor Q1 is turned on, lighting the trip indi¬ 
cator (LED3), C2 instantly charges, and the out¬ 
put of Ul-c goes liigh. At that point, C3 begins 
charging to provide the entry delay. 

After 20 seconds, C3 has sufficient charge 
to produce a liigh at pin 13 of III-d. That forces 
Ul-d’s output liigh, tuning Q3 and Q4 on, which 
activates the alarm indicator (LED2) and 
sounder (BZ1), respectively. If disarmed after a 
trip pulse, but before the 20-second, entry delay 
time out, pin 12 of Ul-d goes low, so the gate’s 
output, does not go liigh and the alarm does not 
sound. 

Components C2 and RIO hold Ul-c on for 
around 2 minutes and 20 seconds to provide 
the two-minute alarm. After C2’s charge drops 
below half of the supply voltage, IJl-c’s output 
goes low, awaiting another trip pulse to set it 
off again. 


POPULAR ELECTRONICS 


Fig. 3-1 



AUTO SECURITY SYSTEM TRANSMITTER 



POPULAR ELECTRONICS 


Fig. 3-2 


This transmitter operates at 49 MHz and uses an Ml45026 programmable digital encoder to gen¬ 
erate a unique digital code, depending on the positions of S2 and S3, to control ignition and lights or 
horn. Q1 is the oscillator, Q2 the power amplifier. The antenna is a 36-inch whip or wire antenna. 
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HOME SECURITY SYSTEM 












































16V AC 
2.1A 

TRANSFORMER 



L o d 

■—' .q 

p to § 

i .s.5 


2 afi 
a-3 
£ J ©. 

tj a 
cz> ’? a 
<d =) d 

> p c/i 

■g - s 

-4-3 QJ 

P -d w 


^ 3 £ 

Fh +-J >3 

0) d c/> 

^ £ o 


S§.2 

4 s | 

M S I 


£ « N 

n g> -g 

*n -2 

e § g 

^ ^ % 
1 g O 

i ■£ s. 


N p BO 

«o & « 
3 ? e 

-J .OJ 

.53 -c ~ 

- § £ 


H CO 

£ * ’S 
^ s/ oj 

5 d 

*i C 1 " 

b 


d _, -d 

€b 2 +3 

O w > 

&&I 
2 £ « 
a s £ 

42 d 
cc a d 

^ ^ ? 

s|| 

m w S 

2X0 


<D S -4-3 

2 .2 cs 
o as 











POPULAR ELECTRONICS 


Fig. 3-4 


This receiver is a superheterodyne type tuned to 49 MHz. U2 is a mixer, followed by a 10.7-MHz 
filter and two-stage IF (U3, U4) and detector. The encoded received RF pulse signal from the an¬ 
tenna produces detected pulse from the MC1330P. These pulses are amplified by U5 and fed to de¬ 
coder IC U6, and MCI450278. Two channels are available at the output, which drives K1 and K2. 







FLASHING BRAKE LIGHT FOR MOTORCYCLES 


BRAKE SWrTCH 



POPULAR ELECTRONICS fig. 3-5 

When brake-light switch SI is closed, power is applied to U1 and TJ2. Two inverters of U2, a 4049 
hex inverting buffer, are connected in a low-frequency oscillator circuit that feeds clock pulses into 
Ul, a 4017 decade counter/divider. Outputs 0, 2, 4, 6, and8 of U1 are coupled to the gate of Q1 
through a 1N914 diode. As the 4017 counts down, it turns the brake light on and off four times and 
then leaves it on until the brake switch is released. The on/off rate can be set by potentiometer R2; 
for best results, the on/off rate should be set so that it is rapid. 
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CAR ALARM DECOY 



The device will simulate the presence of a 
burglar alarm in automobiles or homes. Mount R1 
where daylight can fall on it, During darkness, 
LED1 flashes, making potential intruders think 
an alarm'system is installed. 


POPULAR ELECTRONICS 


Fig. 3-6 


MOTORCYCLE ALARM 



POPULAR ELECTRONICS Fig. 3-7 

A dual timer is used to generate a long pulse, which gates a second timer, producing a square 
wave (nonsymmetrical) and controls the on/off time of the horn. Siren operation can be selected 
with a jumper. In this case, the output of Q1 will be continuously on and not cycled. Sensor SI is a 
row of adjacent circuit board traces with a stainless steel ball bearing laying on them. Any movement 
causes momentary shorting and opening of the circuit, triggering Ul-a. 
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SIMPLE BIKE HORN 



The horn circuit uses only one gate of a 4093 
quad 2-input NAND Schmitt trigger, Ul, con¬ 
nected in a simple, low-frequency, square-wave 
oscillator circuit. The oscillator’s output,-at pin 3, 
drives the gate of Ql. The dram of that FET 
drives a small horn speaker. 

Potentiometer R1 can be adjusted to set the 
horn’s output frequency. Some horn speakers are 
frequency sensitive, so play with the oscillator’s 
frequency control for the best or loudest sound. 


POPULAR ELECTRONICS 


Fig. 3-8 


DOOR AJAR INDICATOR 


+12V 




POPULAR ELECTRONICS Fig. 3-9 

This simple sounder (A) makes a good door annunciator. If the buzzer is replaced with the cir¬ 
cuit in B, the annunciator can be made more pleasant to the ear. 
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MOTORCYCLE BURGLAR ALARM 


(TO 

MOTORCYCLE 

BATTERY) 



POPULAR ELECTRONICS Fig. 3-10 


A 555IC is connected in a one-shot timer cir¬ 
cuit that turns on a FET transistor and either a 
siren or the bike’s horn for a preset time period. 
Switch SI is used as an on/off switch. 

Closing either of two switches, S2 and S3, 
will trigger the IC. When either switch closes, pin 
2 of U1 goes low. That triggers the IC to produce 
a positive output at pin 3 and sounds the alarm 
for the time period set by R3. The mercury 
switch, S3, is the switch that activates the alarm 
should anyone move your bike. Switch S2 can be 
used as a panic switch. 


HORN CIRCUIT FOR MOTORCYCLE USE 



POPULAR ELECTRONICS Fig. 3-11 


Gates Ul-a and Ul-b of the 4093 quad 2- 
input NAND Selimitt trigger are connected in 
variable, low-frequency, square-wave oscillator 
circuits. The output of gate Ul-a is connected to 
one of the inputs of gate Ul-b. The square-wave 
output of gate Ul-a modulates oscillator Ul-b, 
producing a two-tone output. A really interesting 
sound can be produced by carefully adjusting po¬ 
tentiometers R1 and R2. 
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Amateur Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

1.2-kW 144-MHz Amplifier Power Supply 

1.2-kW 144-MHz Amplifier Control Circuitry 

1.2-kW 144-MHz Linear Amplifier 

Four-Stage 75-Meter SSB Superhet Receiver 

Improved CW Transmitter Keying Circuit 

One-Chip AFSK Generator 

Programmable CW Identifier 

Audible SWR Detector Adapter 

Audio Breakout Box 

One-Watt CW Transmitter 

PTT Control from Receiver Audio 

Transceiver Memory Backup 

80-Meter SSB Receiver 

CW Audio Filter 

RF Line Sampler/Coupler 

Battery Pack and Reverse Polarity Protection 

Simple Identifier 

Transmit Keyer Interface Circuits 

Mobile Radio On-Alarm Timer 
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1.2-kW 144-MHz AMPLIFIER POWER SUPPLY 



Schematic diagram of the high-voltage cower supply recommended lor use with the power amplifier. 

01-D4—Strings of 4 each, 1000 PIV, 3-A (1-mA meter movement used with series T1—High-voltage power transformer, 

diodes, 1N5408 or equivalent resistors shown in drawing) 240-V primary, 2250-V. t 2-A secondary 

K1—DPST relay, 120-V ac coil, 240-V-ac, MOT1—Cooling Ian. Torin TA-300 or (Avatar AV-538 or equivalent) 

20-A contacts (Midland Ross equivalent T2—Stepdown transformer, Jameco 

187-321200 or equivalent) Q1—2N2222A or equivalent 112125. 240-V to 120-V. 100 VA 

K2—SPDT miniature relay. 12-V dc coil Q2—MPF102 or equivalent T3—Power transformer, Jameco 104379, 

(Radio Shack 275-248 or equivalent) SI—20-A hydraulic/magnetic circuit 120-V primary: 16 4 V, 1-A secondary 

Ml—High-voltage meter, 5 kV dc full scale breaker (Potter and Brumfield (half used) 

W68X2Q12-20 or equivalent) 


qst Fig. 4-1 

A schematic diagram of the liigh-voltage power supply recommended for use with the power 
transformer. Tills power supply can also be used for other equipment with similar requirements. 
CAUTION: hazardous high voltages. 
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1.2-kW 144-MHz AMPLIFIER CONTROL CIRCUITRY 



Schematic diagram of the amplifier-control circuits. 





1.2-kW 144-MHz LINEAR AMPLIFIER 



10 k 

1A 02 25 W 


E*cept os inolcoted. decimal values of 
copocHonce ore in microforods ( >* r ) 
others ore in picoforoai ( pF); 
resistances are in ohms. U-1,000 


82 -U -4- -T- 

»» B B rb 

to Figure * 


Ml I mAl M2 f A 


> 250 . A 01 , t0 

to Control S 25 W | ' 'f** 

Board 1 | 8 

(Figure 4) T 



C1-C4—100 pF, 5 kV. type 850 
C5—1000 pF, 5 kV 

C6—Anode-tuning capacitor; see text and 
Figure 5 for details 

C7—Output-loading capacitor; see text 
and Figure 7 for details 
CQ-C10—1000-pF silver mica. 500 V 
Cl 1 —30-pF air variable 
C12—0 01 pF, 1 kV 
D1 —1000 PIV, 3-A diode. lN5408or 
equiv 

D2—8.2-V, 50-W Zener diode. ECG 
5249A 

J1—Chassis-mount BMC connector 
J2—Type-N connector fitted to output 
coupling assembly (see Figure 7) 

LI, L2—Plate lines; see text and Figure 6 
for details 

L3—5 1 no. 14. '/ 2 -inch diameter, close 
wound 

L4—31 no 14, 5 /j-inch diameter, 

'/4-inch spacing 

RFC1—71 no. 14, Ve-inch diameter, 

1 3 /a inch long 


RFC2, RFC3—10 t no. 12, 

Ve-inch diameter, 2 inches long 
It—Filament transformer. Primary; 120 V; 
secondary: 6.3 V, 25 A, center tapped 
Available from Avatar Magnetics 
(Ronald C. Williams, W9JVF. 240 
Tamara Trail. Indianapolis, IN 46217, 
317-783-1211), part number AV-539 
Ml—Grid milliammeter. 200 mA dc full 
scale 

M2—Cathode ammeter, 2 A dc full scale 
MOT1—140 free-air cfm, 120-V ac blower, 
Dayton 4C442 or equivalent. 

Sources for some of the "hard to get parts" 
include: 

Fair Radio Sales, 1016 E Eureka, Lima. 

OH 45802, tel 419-227-6573 
Surplus Sales of Nebraska, 1502 Jones 
Street, Omaha, NE 68102, tel 402- 
346-4750. 


Fig. 4-3 


Schematic diagram of the 2-meter amplifier. 
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FOUR-STAGE 75-METER SSB SUPERHET RECEIVER 



A simple superhet receiver for SSB reception in the 75-meter amateur band is shown. Y1 acts as a crystal filter. 



IMPROVED CW TRANSMITTER KEYING CIRCUIT 




73 AMATEUR RADIO TODAY Fig. 4-5 

IVpical (A) QRP keying circuit; (B) Improved QRP keying circuit with CMOS T/R keying control. 
Op amp U2b is a basic inverting amplifier with a gain of one. The capacitor C5 across the feedback 
resistor R11 makes it an integrator. The RC time constant of R11 and C5 determine the ramp time. 
The values shown will produce a 5-ms ramp. Use a good-quality capacitor for C5, such as a mylar or 
polypropylene type. A power transistor is placed inside the feedback loop so that the circuit can sup¬ 
ply several hundred milliamperes of current. Control P2 sets the stand-by output voltage as seen at 


22 



IMPROVED CW TRANSMITTER KEYING CIRCUIT ( Cont .) 

the emitter of Ql. U2a buffers the voltage from P2. This isolates the pot from the input of the inte¬ 
grator. With the key up, adjust the pot until you just start to see an output from your transmitter, 
then back it off a little. Typically,-this will be between 2 and 4 V. Your output signal will now have the 
proper 5-ms leading and falling edges and there will be no delay between key closure and the start of 
the output signal. 

You must supply the op amp and collector of Q2 with at least 15 V to produce a full 12-V output 


on the emitter, 




Parts list 




Rl, R4, R12 

1 kQ 'A W 

Cl 

0.01 pF disk 

R2 

47 kQ X W 

C2 

0.001 pF disk 

R3, R8, Rll 

100 kQ 

C3, C4 

10 pF, 25 V electrolytic 

R6,R7 

22 kQ 

C5 

0.047 pF poly-film type 

R9 

47 Q 

C6 

1 pF, 25 V electrolytic 

RIO 

10 Q 

C7 

Skipped 

PI 

100 kQ or 500 kQ trimpot 

C8 

100 pF, 26 V electrolytic 

P2 

10 kQ trimpot 

D1.D2 

1N4148 diode 



D3, D4, D5 

IN4001 1-A diode 

Ql 

2N3904 NPN 



Q2 

Tip 41-to-220 NPN 



U1 

401 IB CMOS NAND gates 



U2 

LM358 dual op amp 




ONE-CHIP AFSK GENERATOR 

IOjxF 5.1k 5.1k 
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Built, around an XR220GIC, this circuit will generate AFSK signals in the 1000- to 3000-Hz range. 
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PROGRAMMABLE CW IDENTIFIER 


R2 

lOkfi * 5 SIP 



Si Control Settings 


WPM 

5 

7.5 

10 

13 

15 

18 

20 

25 

SI-1 

OH 

Off 

off 

off 

on 

on 

on 

on 

SI-2 

otf 

Off 

on 

on 

off 

off 

on 

on 

ST-3 

off 

on 

off 

on 

off 

on 

off 

on 

TIMER 

OFF 

5 Mm 

10 Min 

Continuous 



SI-4 

Off 

off 

on 


on 




SI-5 

Off 

on 

off 


on 





SI-6—OS 1 on/off 

SI -7—Speaker on/ofl 

PC-Board Connections 

ID—A momentary ground on this terminal causes the IDer to play ils message; same 
as pressing the play/program pushbutton. 

PTT—An open-collector output which goes to ground 250 ms before the CW output 
occurs. This output is used to place radio in transmit mode and is monitored by the 
red LED. 

KEY—An open-collector output that goes to ground during CW keying. This output 
Is monitored by the speaker and the yellow LED. 

QST Fig. 4-7 

The identifier uses an MTA81010 microchip, containing a 1024-bit serial EEPROM and a micro¬ 
controller. It rims from a 9-V battery. A standard AT-type keyboard is used to program the deshed 
message. Speed varies from 5 to 25 wpm. 
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AUDIBLE SWR DETECTOR ADAPTER 



(B) 


U4 * 
7805 



qst Fig. 4-8 

This SWR detector audio adapter is designed specifically for blind or vision-impaired amateurs, 
but anyone can use it. Instead of using a meter (or meters) to indicate antenna system forward and 
reflected voltages, this adapter generates two tones with frequencies that are proportional to the re¬ 
spective voltages. The tones arc fed to a pair of stereo headphones (the miniature types are ideal) so 
that one ear hears the forward-voltage tone and the other ear hears the reflected-voltage tone. Thus, 
tuning up a transmitter is simply a matter of tuning for the highest-pitched tone in the left ear and 
the lowest-pitched tone in the right ear. 
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AUDIO BREAKOUT BOX ( Cont .) 


In many radio shacks, one receiver audio-output line feeds a multitude of add-ons, such as one 
or more TNXs, SSTV modems, PC plug-in boards, and, perhaps, speakers. Having to manually plug 
the audio source from one accessory to another is inconvenient, if not frustrating as well. Overload¬ 
ing the sources by connecting the loads in parallel isn’t satisfactory, either. 

The audio breakout box takes the audio output from a receiver (or other audio source) and ap¬ 
plies it to the inputs of four identical, independent, low-level AF buffer/amplifiers and one high-level 
(1-W output) AF channel. Each low-level output channel can provide up to 20 dB of gain that’s in¬ 
dependently adjustable. 


ONE-WATT CW TRANSMITTER 


50 Ohm 
Antenna 



QST 

C6,C7 

820 pF disc ceramic (160 meters) 
470 pF disc ceramic (80 meters) 
220 pF disc ceramic (40 meters) 
150 pF disc ceramic (30 meters) 
100 pF disc ceramic (20 meters) 
82 pF disc ceramic (17 meters) 


Fig. 4-10 
LI 

33 turns, #30, T37-2 (160 meters) 

23 turns, #30, T37-2 (80 meters) 

17 turns, #26, T37-2 (40 meters) 

14 turns, #26, T37-2 (30 meters) 

12 turns, #26, T37-2 (20 meters) 

10 turns, #26, T37-2 (17 meters) 
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PTT CONTROL FROM RECEIVER AUDIO 


R1 5 



73 AMATEUR RADIO TODAY Fig. 4-11 

This system will key a transmitter or other device that can be keyed by a relay closure. Audio is 
amplified, limited, and is rectified and drives relay driver Q2 and LED indicator. The transmitter au¬ 
dio output was used to feed a keyed transmitter and can be deleted or ignored where this feature is 
unnecessary. 


TRANSCEIVER MEMORY BACKUP 


♦ > 


13 ev INPUT 
FROM CAR OR 
POWER SUPPLY 


- > 


;47(i 
1/2 W 


*01 
Z IN400I 


02 

IN400I 

-N- 


10 VOLTS 
(8 NICADSI 


■» * 


POWER TO 
TR-7730 


-> - 
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Fig. 4-12 


Although designed for a Kenwood TR7730, 
this idea might be adapted to other transceivers. 
This circuit will retain the frequencies in memory 
wliile moving the rig from car t.o house and vice 
versa. When connected to an external power 
source, battery R1 is charged tlirough R1 and Dl. 
D1 prevents B1 from discharging when connected 
to an external supply that is turned off. When ex¬ 
ternal power is removed, D2 provides a current 
path to the TR-7730 to retain the memory’s con¬ 
tents. However, the TR-7730 power switch should 
be turned off before external power is removed 
because B1 will not provide power for normal op¬ 
eration. 
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80-METER SSB RECEIVER 


'-i— 

■ 16V 


TZ. Y1 Y2 Y3 


xiH 



- r r±r 10Dn F 

"35 V 35V 




5k Audio Gun 
Linear Taper 


Mouser 42F126 
X4 ■ 5.IBS MHz HC 49U Holder 
Mouser PN: 332-10S2 


4 - 40pF 47pF 



Omit 

VR (9 wolt Rea) 

C 10u F Cap 
H 100K 

VD MV209 Varicap Diode 


Change 

C From iOOpF NPO lo 47pF NPO 


73 AMATEUR RADIO TODAY Fig. 4-13 

This circuit uses an MC3335P IF chip and features a 3-pole crystal filler made from micro¬ 
processor crystals. Tuning is done either with a varactor diode or air-variable capacitor, as shown. 
Values are for 80 meters. 


CW AUDIO FILTER 



7S AMATEUR RADIO TODAY Fig. 4-14 

A high-performance passive filter. The center frequency is 700 Hz; -3-dB bandwidth is 200 Hz. 
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RF LINE SAMPLER/COUPLER 


#18 wire passed 
through toroid 



WILLIAM SHEETS Fig. 4-15 

Suitable for RF line sampling, this coupler is useful where an indirect measurement of line cur¬ 
rent is needed. A 10:1 turn ratio yields a secondary current about Ho (ideally) of the line current. A 
51 resistor terminates the secondary. Insertion loss in the main line is negligible, <0.1 dB. For 
higher power levels, use proportionately larger core for Tl. 


BATTERY PACK AND REVERSE POLARITY PROTECTION 


si F1 



QST Fig. 4-16 

Schematic diagram and parts list for the reverse-polarity protection circuit (optional). 

D1 1N5400 silicon diode 

FI 1-A fast-acting fuse 

SI SPST rocker switch 
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SIMPLE IDENTIFIER 



jst Fig. 4-17 

Tills identifier uses a PIC 16054 microcontroller which must be programmed for your desired 
identifier. 


TRANSMIT KEYER INTERFACE CIRCUITS 
Driving the input lines 


TTL or 5-volt 
CMOS gale 



to MSG, TONE 
or SPD linos 


Mechanical 
switch 
(closed = 1) 


to MSG, TONE 
or SPD lines 


Connecting the keying output 


73 AMATEUR RADIO TODAY 


To xmitter key 
connection 


H A", 

-OT 


\|*/2N30CM 

1N911 

2N2222. 

IOC4t * 

J 



From KEY 
output 



S-vot 
raad rally 


To xmitter key 
connection 


Fig. 4-18 


These circuits are for use with Morse kcyers and identifiers. They can be used to interface vari¬ 
ous devices with the identifier'circuitry. 
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MOBILE RADIO ON-ALARM TIMER 



73 AMATEUR RADIO TODAY 


Fig. 4-19 


This system will prevent you from accidentally leaving your mobile radio on, draining the battery. 
LED! will light when the vehicle’s ignition is on, or while the car is running. Switch SI in the ON po¬ 
sition will close relay Kl, completing the power circuit to the equipment. If the ignition switch is shut 
off, and switch SI is still in Ihe ON position, an alarm (piezo) will begin to beep and LED2 will flash. 
Returning SI to the center position will shut everything off. If equipment operation is desired after 
shutting off the vehicle, you can place switch SI in the AUTO position and momentarily press S2, a 
normally open push-button switch. Depressing tliis switch begins a timing cycle. The length of time 
that the Mobile-ON alarm/timer operates before shutting everything off can be “programmed” by se¬ 
lecting R6. The approximate time delays are provided in the chart with the schematic. Or, you could 
change the value of G6. These components control the holding time of relay Kl. LED3 will light while 
the circuit is in AUTO status. Incidentally, you can also cancel the time delay at any time during the 
delay period by simply switching it off. 
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5 

Amateur Television (ATV) Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

5-W ATV Transmitter for 440 MHz 
5-W ATV Transceiver 
Mini ATV Transmitter 

Dummy Load and Video Detector for Transmitter Tests 
Mast-Mounted ATV Preamp 
Three-Channel 902- to 928-MHz ATV Transmitter 
ATV Downconverter for 902 to 928 MHz 
Three-Channel 420- to 450-MHz ATV Transmitter 
ATV Downconverter for 420 to 450 MHz 
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5-W ATV TRANSMITTER FOR 440 MHz 



34 


ELECTRONICS NOW Fig. 5-1 

The circuit will produce typically 6 W RF output on synch tips. A crystal oscillator drives a doubler to produce a 220-MHz output. 
Another doubler produces 440 MHz to drive the power amplifier. A high-level series modulator provides the video modulation capa¬ 
bility. A sound subcarrier is generated using a VCO circuit and combined with the video information. A complete kit of parts, includ¬ 
ing the PC board, is available from North Country Radio, P.O.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 









5-W ATV TRANSCEIVER 



For the transmitter schematic (part of this transceiver), see entry entitled “5-W ATV Transmit¬ 
ter for 440 MHz, Fig. 5-1.” The downconverter portion is shown here. 

This transmitter contains both a video and sound section. Five to six watts PEP on synch tips of 
NTSC video are produced. Three channels are available. Channel switching is via PIN diodes. Power 
supply voltage is 12 to 14 Vdc. The receiver function is provided with a downconverter circuit and is 
tunable. A relay is used for T-R switching. A complete kit of parts, including PC board, is available 
from North Country 7 Radio, P.O.Box 53, Wykagyl Station, New 7 Rochelle, NY 10804-0053A. 
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MINI ATV TRANSMITTER 



i 73 

io a ^ 




o a i2 

w ^ b 
O o B 

o -3 c 

£ H « 
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DUMMY LOAD AND VIDEO DETECTOR FOR TRANSMITTER TESTS 



ioo-n 

chip resistors 


WILLIAM SHEETS Fig. 5-4 

This circuit is useful as a video modulation monitor for testing low-power video transmitters. For 
higher power inputs, use a suitable attenuator between the detector and the source. The detector 
should be connected to scope with as short a cable as possible to preserve video bandwidth. 


MAST-MOUNTED ATV PREAMP 



73 AMATEUR RADIO TODAY Fig. 5-5 

This simple ATV preamp covers the 427- to 439-MHz ATV frequencies and can be mast mounted 
and dc powered through the feedline. 
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THREE-CHANNEL 902- TO 928-MHz ATV TRANSMITTER 


R1 

2.2 k 

D1_D3 

MPN3404 or r-i /! I 

MPN3700 C2 

i i XI 

01 

' 1 —it- 

39 

J, 


Osc/ 

R2 


Doubler 

FI 2.2 k 

02 

/Oi 



If] Qi 

: UC AV ^r 


\12N3563 

?" R3 ^ 


R5 

2.2 k 

I-\AA. ■ 


330 i fCI 

<=> X3 

< 


AF, 

< 

A 

1 k 

~7 




XTAL 

Output 


Freq (MHz) 

Freq (MHz) 

XI 

56.891 

910.25 

X2 

Optional 


X3 

57.703 

923.25 


Denotes Mutuol 
Coupling 



m 

R29 

_AAA __ 


Insert 5ubcarrier 

Switch Here -—; 

p 0 " 

VVv 

660 

+ 6.8 V 

(Sound Jumper) 

' R28 

D6 'i 

i 6 8 v C43 


” -u 

1 nF T 
50 *rb 


| R27 

. 10 k 

- 1 HI — Wr 

C37 
1 uF 

J 50 v 

,04 05 -i 

Hn3565_ 

Audio I ' 


Mycr v 

~c3i 

0.C02 f-h 


too k C*2 
0.01 




I 05 
MPF102 
I 4.5 MHz 
1 VC0 , 


- wu _ 

CH I 10 CH 


+ 

C41 7p 

' 

50 V 
R33 A 
100 k I 

Audio Gain 


040- 

Audio 2-18pF' 
Input 
(5 mV 
to 
1 V) 


■ C+5 *★ 

' 2.2 (Nommol) 


R18 
1 k 

LINEARITY 


R20 
1 k 

Video Gain 


* L9 - LI 2 Etched on 
PC Board 

** R34 Range 2.2 k to 4.7 k 
C45 Ronge 1 pF to 3.3 pF 
*** Heat Sink ( See Text) 


Except os indicated, decimal values of 
capacitance are in microforads ( «F); 
others are in picofarads ( pF ); 
resistances are in onms;k“1.000 
CH=Chip Capocitor 


( 1 V P-P 
75 0 

Neqotive ( 
Sync) 
Video 
Input 


This transmitter is for ATV applications in the 902- to 928-MHz band. It has three crystal-con¬ 
trolled channels, and will accept standard NTSC video input. It also has a 4.5-MHz sound subcarrier. 
Because this is an AM transmitter, audio can be transmitted as AM on the RF carrier. Simply use the 
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Fig. 5-6 

video input. Bandwidth of audio can be restricted to 20. kHz by placing a capacitor with a value of 
about 0.002 pF across R34. The output is 1.5 to 2 watts PEP into a 50-£2 load. A complete kit of parts 
including PC board, is available from North Country Radio, P.O. Box 53, Wykagyl Station, New 
Rochelle, NY 10804-0053A. 
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ATV DOWNCONVERTER FOR 902 TO 928 MHz 


R2 R3 



QST 

This downconverter converts ATV signals in the 902- to 928-MHz range to a G1.25- or 67.25-MHz.IF 
output frequency (CH 3 or CH 4) to enable reception of these signals on a standard VHF TV receiver or 
monitor. It features a low-noise RF amp feeding a Schottky diode double-balanced mixer, a tunable LO 
arid one IF preamp stage. The RF amplifier is a low-noise dual-gate GASFET that is followed by a sec¬ 
ond RF stage using an MMIC. Five tuned circuits are used in the RF amplifier. This feeds a packaged 
Schottky diode mixer assembly for better dynamic range and reduced susceptibility to intermodulation 
and strong signal areas. The on-board local oscillator (LO) is voltage tuned and if desired can be set up 
for remote timing. All necessary circuitry for remote tuning is on board for coax dc and IFfeed. This en- 
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[F Amp 
60-72 MHz 


Cl J Cl 4 



ables the downconverter to be mast mounted to get around feedline losses generally associated with tills 
frequency range. No separate dc feed is necessary because the coax (RG59/IJ recommended) carries dc 
power, timing voltage, and IF signal. A dc block is used at the receiver for the purpose of separating dc 
voltage supply and the tuning voltage. This allows a cable run of several hundred feet, if needed. 

By using this downconverter and transmitter, a physically small 915-MHz ATV station or even a 
video HT can be constructed because both units are each 2.50 x 4.00 inches x 1.00 high, and can be 
stacked together. A complete kit of parts, including PC board is available from North Country Radio, 
P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 


41 










THREE-CHANNEL 420- TO 450-MHz ATV TRANSMITTER 


R1 

FI 2.2 kfl 
Freq. q-A/W 
selector 


R2 

F2 2:2 kfl 


Ra 

F3 2.2 kU 


D1-D3 

MPN3404 

D1 


1st 

Multiplier 


Q1 

2N3563' 

OSC 


■'-p. 18 L2 1 
, ]_ NPO 3>/2T[| 


C2 C4 | 
NPO 0.01 
56 pF j 




J> T L 

^C9 



.2-10 


<>ion A. 

pF 

jr 

Q2 


~L 

MPS3866 


R7 



2.2 

- 


kn 




F 

Common 


RF exciter section 



V V \ 

R31 

50 V 

__I 

10 kn 

MV 2112 

100 

1 r 


M Isr 

Kfl 

r 04 

C38 

D5 


C16 ^1 

J00 u-F = 
chip 



—I Q5 
MPF102 


4.5 or 
5.5 MHz 


> - 

-| C41 


> 50 V 

Audio in 

fFF 


< R33 

\ 

100 kn 

' Hl-z 

| Audio gain 

5 mV-1 V 

_L 

RMS 

- 


C36 

^-p.120 (j-F 
1 (NPO) 


NTSC or PAL 
video in 
IVPP 75 n 
(NEC synch) 


*C42 1 to 3.3 pF can be used to vary subcarrier level. 


-f R20 

; U Video gain 

R23< 4 1 

330 ■> 

kn <> R18 

_1 Linearity 


RUDOLF F. GRAF AND WILLIAM SHEETS 


This transmitter is a 2-watt PEP output device for 420- to 450-MHz amateur TV operation. It has 
three crystal-controlled channels and will accept standard NTSC video input. It also has a 4.5-MHz 
sound subcarrier capability. Because this transmitter has AM modulation, audio can be transmitted in 
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CIO 




AM form on the RF carrier by applying audio t.o the video input. Bandwidth of audio can be restricted 
to 20 kHz'by placing a 0.002-pF capacitor across R34. A complete kit of parts, including PC board - is 
available from North Country Radio, P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 
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ATV DOWNCONVERTER FOR 420 TO 450 MHz 



Tins ATV downconverter converts the 420- to 450-MHz ATV band, which is several channels be¬ 
low the lower limit of the UHF band, to channel 3 or 4 for viewing on virtually any TV. The down- 
converter has a low-noise preamplifier stage and a double-balanced passive mixer for good 
performance and a wide dynamic range. That is necessary with today’s crowded UHF bands. The 
converter draws about 27 milliamperes from a 13.2-volt dc source, so it can be used in portable and 
mobile applications. An extra IF stage gives an overall gain of about 25 dB. A block diagram of the 
downconverter is also shown. A complete kit of parts, including PC board, is available from North 
Country Radio, P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A. 
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ATV DOWNCONVERTER FOR 420 TO 450 MHz (Cont.) 
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6 

Amplifier Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates .to the entry in the Sources section. 

Operational Transconductance Amplifier with Booster 

VCR Head Amplifier Tester 

Lowpass Amplifier 

Highpass Amplifier 

1SD 1000A Record/Playback Circuit 

Remote Amplifier 

Programmable Gain Amplifier 

Programmable Input Amplifier 

Remotely Powered Sensor Amplifier 

Tuned Amplifier 

Difference Amplifier with Wide Input Common-Mode Range 

Bandpass Amplifier 

High-Side Current-Sensing Amplifier 

High-Input Impedance ac Amplifier 

MOSFET Push-Pull Amplifier 

Low-Voltage Microphone Preamp 

Basic Logarithmic Amplifier Using Op Amp 

Crystal Tuned Amplifier 
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VCR HEAD AMPLIFIER TESTER 



MECHANICAL 
ALIGNMENT PROBLEMS 


WORN OR BAD HEADS, 

ROTARY TRANSFORMER OPEN/SHORT 
PROBLEMS IN PREAMPS OR HEAD SWITCHERS. 


IMPROPER WAVEFORMS. Waveforms a-d are caused by mechanical misalignment 
of the tape guides. The waveforms in e and f indicate proper alignment, but show that 
there's a problem with either the video heads, pre-amps, or head switcher. 



R-E EXPERIMENTERS HANDBOOK Fig. 6-2 

This amplifier enables you to use a signal from a working VCR to test the head amplifiers of a sus¬ 
pected defective VCR. The circuit is basically a video amplifier. 
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ISD 1000A RECORD/PLAYBACK CIRCUIT 


record reset enable 



ELECTRONICS NOW Fig. 6-5 


This circuit uses the Information Storage Devices ISD1000A chip (Radio Shack P/N 276-1325). 
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PROGRAMMABLE GAIN AMPLIFIER 


Digital control inputs 


A B C D 



AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW-COST 1C PROJECTS Fig. 6-7 


The gain of this amplifier is -R { /R 1 where R f = effective value of resistance selected by the digi¬ 
tal R1 inputs. 

1C 1 op amp 

IC2 CD4066 quad bilateral switch 

R1 l-k£2, Yi-W 5% resistor 

R2 10-kQ, tf-W 5% resistor 

R3 4.7-kQ, !4-W 5% resistor 

R4 2.2-k£2, !4-W 5% resistor 

R5 l-k£2, 7 -W 5% resistor 

R6 2.2-k£2, 'A -W 5% resistor 
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PROGRAMMABLE INPUT AMPLIFIER 


+v 



ABC 


Digital control inputs 

AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW-COST 1C PROJECTS Fig. 6-8 

This amplifier has eight inputs selectable digitally. 


IC1 

CD4051 SP8T bilateral switch 

R1 

10-kO, /-W 5% resistor 

1C2 

op amp to suit application 

R2 

22-kQ, A-W 5% resistor 

Cl 

0.1-p.F capacitor 

R3 

18'k£2, A-W 5% resistor 

SI 

SPST switch 




REMOTELY POWERED SENSOR AMPLIFIER 



For remote sensor applications, this circuit enables use of a single twisted pair. 
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TUNED AMPLIFIER 



HIGH CORNER FREQUENCY = Fh ; r 

2« V(Li)(U) 

Q IS A FUNCTION OF PARASITICS OF Li AND Ci 

Figure A Tuned Amplifier 

MAXIM 



Tills circuit is a tuned amplifier circuit, tuned to the resonant frequency of the LC transconduc¬ 
tance network: 


r 2 * 

The impedance of the transconductance network is a minimum at the resonant frequency, pro¬ 
viding maximum amplifier gain at that frequency. The Q of the amplifier is a function of the parasitic 
components associated with the LC network. The graph is the frequency response of the circuit, with 
L l = 2.93 pH and C\ = 9.9 pF. 


DIFFERENCE AMPLIFIER WITH WIDE INPUT COMMON-MODE RANGE 


V* 

3.3V 



GAIN = 1. Vqui =■ V flEF FOR V|N(oiF) = 0 
ilOV COMMON-MODE RANGE 
BANDWIDTH = 3MHz 


LINEAR TECHNOLOGY Fig. 6-11 
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BANDPASS AMPLIFIER 



LOW CORNER FREQUENCY = Ft = 


POLE FREQUENCY = Fp = 

passsand Gain = 


(2n) (Rt) (Co 


(2*) (Rl)(Cl) 


Figure A Bandpass Amplifier 



FREQUENCY (Hz) 

Figure 8 


maxim Fig. 6-12 

The circuit A is a bandpass amplifier, with the low comer frequency set by the impedance of the 
transconductance network. The high corner frequency is set by the impedance of the RC network at 
the amplifier output. The passband gain is ( k ) x (R { /R t ). Figure B is a plot of the circuit in Figure A, 
with R t = 100 Q, C\ = 20 riF, R y = 25 Q, and C, = 395 pF. 


HIGH-SIDE CURRENT-SENSING AMPLIFIER 


, CHANGE SENSE RESISTOR 
0 01jj / TO CHANGE SENSITIVITY 



LINEAR TECHNOLOGY 


Fig. 6-13 
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HIGH INPUT IMPEDANCE ac AMPLIFIER 



NATIONAL SEMICONDUCTOR 


Fig. 6-14 


This figure shows an op amp used as an ac amplifier. It is unusual in that dc bootstrapping is used 
to obtain high input resistance without, requiring high-value resistors. In theory, this increases the 
output offset because the op amp offset voltage is multiplied by the resistance boost. 

But when conventional resistor values are used, it is practical to include R5 to eliminate bias- 
current error. This gives less output offset than if a single, large resistor were used. Cl is included to 
reduce noise. 


MCGRAW-HILL 


MOSFET PUSH-PULL AMPLIFIER 


4-15 V 



This amplifier can be used for audio or as a driver for inverter service. 


Fig. 6-15 
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LOW-VOLTAGE MICROPHONE PREAMP 



*m«x gain trim 


NATIONAL SEMICONDUCTOR Fig. 6-16 


A microphone amplifier is shown. The refer¬ 
ence, with a 500-kHz unity-gain bandwidth, is 
used as a preamplifier with a gain of 100. Its out¬ 
put is fed through a gain-control potentiometer 
to the op amp, which is connected for a gain of 
10. The combination gives a GO-dB gain with a 10- 
kHz bandwidth, unloaded, and 5 kHz loaded at 
500 ft. Input impedance is 10 kft. 

Potentially, using the reference as a preampli¬ 
fier in this fashion can cause excess noise. How¬ 
ever, because the reference voltage is low, the 
noise contribution, which adds root-mean-square, 
is likewise low. The input noise voltage in this con¬ 
nection is 440-500 nV Hz, about equal to that of the 
op amp. 


BASIC LOGARITHMIC AMPLIFIER USING OP AMP 



This logarithmic amplifier uses a single op amp. The current in the feedback loop of the op amp 
is equal to the current flow at the input of the op amp. 




CRYSTAL TUNED AMPLIFIER 



CENTER FREQUENCY = Fc = CRYSTAL FREQUENCY 


Crystal Tuned Amplifier 



Crystal Tuned Amplifier Gain vs. Frequency 


MAXIM 


Fig. 6-18 
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A/D Converter Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

High-Speed A/D Converter System 
A/D Converter for PCs 
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HIGH-SPEED A/D CONVERTER SYSTEM 



ANALOG DEVICES 


The AD8001 is weU suited for driving high-speed analog-to-digital converters, such as the AD9058. 
The AD9058 is a dual 8-bit 50 Msps ADC. In the circuit shown, there are two AD8001s driving the in¬ 
puts of the AD905f8 which are configured for 0- to +2-V ranges. Bipolar input signals are buffered, 
amplified (~2x), and offset (by +1.0 V) into the proper input range of the ADC. Using the AD9058’s 
internal +2-V reference connected to both ADCs (as shown) reduces the number of external com¬ 
ponents required to create a complete data acquisition system. The 20-Q resistors in series with ADC 
input are used to help the AD8001 drive the 10-pF ADC input capacitance. The two AD8001s only 
add 100 mW to the power consumption while not limiting the performance of the circuit. 





A/D CONVERTER FOR PCs 
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Antenna Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Remote Tuned Active HF Antenna 
Miniature Broadband Antenna (3 to 30 MHz) 

FM Auto Radio Diversity Antenna 
Tunable FM Antenna Booster 
Matchbox Antenna Tuner 
Antenna Tuner 

Active Antenna for UHF Scanners 
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REMOTE TUNED ACTIVE HF ANTENNA 



PC board pattern and parts placement diagram. 



Vol, « BS170 BS170P MPF102 

J310 

Bottom Vbw 

73 AMATEUR RADIO TODAY Fig. 8-1 

An MV1662/S varactor diode tunes this active antenna/preamplifier. R1 varies gate bias on the 
BS170 FET. T1 is a 3:1 toroidal winding suitable for the frequencies of interest. 
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MINIATURE BROADBAND ANTENNA (3 TO 30 MHz) 



ELECTRONIC DESIGN Fig. 8-2 

A short dipole antenna and impedance converter combined together can be rotated to null out 
an interfering signal. The converter supplies a tremendous current gain so that the voltage appear¬ 
ing at the dipole’s output eventually drives a 75-0 load. 
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FM AUTO RADIO DIVERSITY ANTENNA 



A second antenna, installed on your vehicle as far away from the original equipment antenna as 
practical, provides the second KM signal. The figure is a simplified block diagram of the diversity system. 

The cables from both antennas are connected to the electronic antenna switch. The 19-kHz pi¬ 
lot signal from the receiver’s audio output is passed through a high-gain bandpass active filter, which 
attenuates audio programming that is much stronger than the pilot signal. After amplification, the pi¬ 
lot subcarricr becomes the reference frequency for a phase-locked loop (PLL) circuit. The output of 
the PLL locks to the 19-kHz pilot signal and functions as a subcarricr detector. When the reference 
frequency becomes noisy, the PLL will lose “lock” and trigger the flip-flop, whose output switches the 
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FM AUTO RADIO DIVERSITY ANTENNA (Cont.) 


state of the electronic antenna switch. This action switches the alternate antenna into the system 
while disabling the original antenna. 

If that second antenna is positioned for better reception, the received signal will clear, and the 
PLL will again lock to the subcarrier and hold the switch in that state until the pilot signal drops out 
again. If the second antenna does not restore the pilot signal reception after a 0.1-second delay, the 
primary antenna is switched back on. 

When the radio is receiving AM, the absence of the 19-kHz subcarrier will also reactivate the pri¬ 
mary antenna that is tuned to the receiver for the best AM reception. 


TUNABLE FM ANTENNA BOOSTER 



4. VOLTAGES AT TEST POINTS: TPI0O.68V, TP2=3 85V, TP3=0.68V 


ELECTRONICS NOW Fig. 8-4 

This two-transistor amplifier circuit with tunable tank circuits boosts the distant FM signals. 
Coils LI and L2 are l'A turns #20 AWG bail tinned wire wound around a %" diameter mandrel. 
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MATCHBOX ANTENNA TUNER 


Input 



rfi 



QST Fig. 8-5 

Cl is a split stator capacitor and C2 is a dual differential capacitor. The top unbalanced output 
connection is used for high-impedance unbalanced loads, and the other is used for low-impedance 
unbalanced loads. In the latter case, the unused balanced load connection is grounded. 


ANTENNA TUNER 


Input 


!5mH 



Unbolonced 

Outputs 


Ground 


QST Fig. 8-6 

This is a circuit diagram of the Collins Model 180S-1 antenna tuner. Three unbalanced configu¬ 
rations are available, two of which form an L-network and the other is a rc-network. The tuning range 
is impressive. 
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ACTIVE ANTENNA FOR UHF SCANNERS 



WILLIAM SHEETS Fig. 8-7 

This active antenna is a 14-wave dipole mounted in a 12" x 12" x 12" 90° corner reflector. A built- 
in active preamp IC1, fed dc through the RF coaxial line, provides 15 dB gain at 900 MHz to offset ca¬ 
ble losses. This provides superior reception for scanners covering the 800- to 1000-MHz range. 
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Attenuator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Switchable Power Attenuator 
Variable Voltage Attenuator 




SWITCHABLE POWER ATTENUATOR 




QST 


Fig. 9-1 


Schematic diagram of a switchable power attenuator that can be used to reduce the power out¬ 
put of transmitters that don’t have ALC lines. 

Values for 10 and 20 dB: 

10 dB: R l =R q = 91Q 

R 2 = 75 Q nearest standard values 

20 dB: R l = R ?i = 62 Q 

R., = 240 Q nearest standard values 

Note: Rl must handle the largest share of the input power, and R2 somewhat less. Tliis depends 
on attenuation selected. 
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VARIABLE VOLTAGE ATTENUATOR 



TO 

RF AMPLIFIER 
OR MIXER 


R2 

10K 

-W» 


R1 
10K 

RF ATTENUATOR 

-► + 12VDC 


D1 
PIN 
DIODE 

ATTENUATOR 
- (4 - 


J_C2 
1 


POPULAR ELECTRONICS Fig. 9-2 

The front-end of tliis circuit is a bank of selectable bandpass filters. The output of the filter banks 
are shunted to ground via capacitor (Cl) and PIN diode (Dl). The PIN diode acts like an electroni¬ 
cally variable resistor. The resistance across the diode’s terminals is a function of the applied bias 
voltage. This voltage, hcncc the degree of attenuation of the RF signal, is proportional to the setting 
of potentiometer R1. The series resistor (R2) is used to limit the current when the diode is forward 
biased. This step is necessary because the diode has a very low resistance when a certain rather, low 
potential is exceeded. 
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Audio Signal Amplifier Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box .of each circuit correlates to the entry in the Sources section. 

Vacuum Tube Audio Amplifier 
Micropower Linear Amplifier 
NB FM Audio Amplifier 
Two-Transistor Audio Amplifier 
Personal Stereo Audio Amp 

Transistor RIAA Preamp for Magnetic Phone Cartridges 

Dynamic Microphone Preamp 

Balanced Microphone Preamplifier 

RIAA Line Amplifier/Driver 

Single-Ended HI-Z Microphone Preamp 

Low-Level Audio Amplifier 

Simple 20-dB Gain Audio Amplifier 

High-Gain Dynamic Microphone Preamplifier 

FET Phono Cartridge Preamp 

Simple High-Gain Audio Amplifier 

RIAA Preamplifier 

Basic Complementary Class-AB Single-Supply Amplifier 
High-Impedance Microphone Input Circuit 

Electronic-Ear Low-Noise Audio Amplifier (for Parabolic Dish Mikes) 
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VACUUM TUBE AUDIO AMPLIFIER 



Vcc. 

si 

POWER 

© 

D1 

1N4001 _ 

Cl * 
100u F 

R2 

33041 

C3 

lOOtiF ' 

ex* 

D2 

1N4O01 



R7 

22041 [6, 

-va r 

R12 

22K C14 

20pf 


C11 C12 

.Oil 1(lF 


LEFT C17 R2, 

INPUT 2 2jlF 47K 


7 C7 R29 R30 

IK 10K 

*V-- 

LED2 IC4^ 

* V 2 6632 


3 

4 T 

8 


* ♦ 

12 VAC 

: 


. R23 

; 100K 

SYMMETRY 


"2° 4(d) 
iok Tvi2 
PRE/ 

POST _ 

BLEND f v 
CW /-x 

55 T© 


C15 

jR ©' 


J2 

R22 LEFT 
33041 ... OUT¬ 


RIGHT C27 H49 
INPUT 2.2|iF 47K 


R40 

22K C24 

20pF 


V^IC3-a 
*4 V*6632 


t .«5V —W* 

CW 

R43 10K 

10K 

DRIVE c 


C21 C22 

.01 ImF 


• R51 

► 100K 

SYMMETRY 

R4S ' 

10K 

!* post 

82K BLEND CW N 

7 " e : "O 


J4 

R50 RIGHT 

33041 OUT 


ELECTRONICS NOW 


Fig. 10-1 
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VACUUM TUBE AUDIO AMPLIFIER ( Cont.) 


This schematic is for a tubehead amplifier. The output from transformer T1 is .positive half¬ 
wave ac rectified by D1 and filtered by Cl, C2, and R1 for a +15-V supply. A -15-V supply is avail¬ 
able from D2, C3, 04, and R3. The plate supply for the 12AX7 tubes is produced by a voltage multi¬ 
plier. 

Some listeners prefer the sound of a vacuum tube audio system. Although this is rather subjec¬ 
tive and a personal preference, this circuit can be used to simulate the “tube sound” preferred by 
these listeners. 


MICROPOWER LINEAR AMPLIFIER 



ELECTRONICS NOW 


Fig. 10-2 


This circuit, based on the inverter in the CD4007UB CMOS linear amplifier, shows a method 
for reducing drain current. 
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NB FM AUDIO AMPLIFIER 


10 kn 



WILLIAM SHEETS Fig. 10-3 


This audio system amplifies, limits, and filters an audio voice signal for use with an FM modu¬ 
lator or VCO. It has pre-emphasis of 6-dB/octave 300-3000 Hz. Almost any suitable op amp can be 
used. 


TWO-TRANSISTOR AUDIO AMPLIFIER 



WILLIAM SHEETS Fig. 10-4 

This is a general-purpose audio amplifier for driving a pair of stereo earphones in monaural 
mode. Two can be used for stereo. In this case, ground the center top of the earphone (sleeve of 
Jl). 
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PERSONAL STEREO AUDIO AMP 


LEFT- 

OUTPUT 


RIGHT 

OUTPUT 


04 ! 

100 

16VVVDC i 


C6 

w 220 

+ 16WVDC 


U1 

ULN2274B 


C11 

^ 220 
+I16WVDC 


R3 

1MEG 

VOLUME 

CONTROL 

R2 
680K 
1/2 WATT 


R4 
150K 
V2 WATT 


R1 

390K 
1/2 WATT 


C10 

4.7 

iswvDci 


C5 

4.7 

16WVDC 


R12 

1MEG 

VOLUME : 
CONTROL* 


R11 
: 680K 
' 1/2 WATT 


R13 
150K 
i/2 WATT 


RIO 
390K 
1/2 WATT 


POPULAR ELECTRONICS 


Fig. 10-5 


You can make your personal stereo do double duty as a small room stereo by adding this 2-watt 
amplifier. 
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TRANSISTOR RIAA PREAMP FOR MAGNETIC PHONE CARTRIDGES 



75 (.is 

WILLIAM SHEETS Fig. 10-6 


This two-transistor circuit has around 40 dB (midband) gain at 1 kHz. A magnetic cartridge is 
used as a source, 


DYNAMIC MICROPHONE PREAMP 



o+9 v 

1 jiF 
) 1 + 

33 kli 

>4.7 
< k n 

_L Jl 

\ v v v 

il ° 

10 (xF 

1 |xF 

0 \ L + 

>100 

Skn 

Input '' 

l : 

>22 


WILLIAM SHEETS 


Fig. 10-7 

This preamplifier provides 40- to 43-dB gain when used with a low r -impedance (<1 k£2) dynam¬ 
ic microphone. 
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RIAA LINE AMPLIFIER/DRIVER 



Two op amps by Analog Devices are used in 
this audio line amplifier, which is suitable for 
interfacing with an RIAA preamplifier. 


ANALOG DEVICES 


Fig. 10-9 
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SINGLE-ENDED Hl-Z MICROPHONE PREAMP 


R?, 64.9kO 



ANALOG DEVICES 


Fig. 10-10 


This low noise circuit works on a +5-V supply. Gain range is 20 to 40 dR and bandwidth is 20 
kHz with the AD820. THD is 0.05% with 1 V RMS into a 2-k£2 load. Noise output with the input 
shorted is less than 200 pV. 


LOW-LEVEL AUDIO AMPLIFIER SIMPLE 20-dB GAIN AUDIO AMPLIFIER 



POPULAR ELECTRONICS Fig. 10-11 WILLIAM SHEETS Fig. 10-12 
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HIGH-GAIN DYNAMIC MICROPHONE PREAMPLIFIER 



This microphone preamplifier is capable of about 70 dB or more gain at audio frequencies. Its 
gain is approximately equal to the product of the h fe of both transistors times the ratio of the load 
resistance to the input resistance of the preamp. As an approximation, these resistances are usually 
similar in value («2 to 5 kft) for most applications, so this ratio can be taken as unity. 


FET PHONO CARTRIDGE PREAMP 

100 n 



WILLIAM SHEETS ffg 10-14 

A high-Z phono cartridge can be matched to a low-Z amplifier with this circuit. The FET pro¬ 
vides a current gain of over lOOOx and a voltage gain of about 0.5x. 


79 



SIMPLE HIGH-GAIN AUDIO AMPLIFIER 



WILLIAM SHEETS Fig. 10-15 

This amplifier has a very high gain in the audio range and is approximately the product of the 
current gains of the three transistors multiplied by the ratio of R L to (R m + R S ). R W is approximately 
to: 


+ 1) (26) 
^EQl 


RIAA PREAMPLIFIER 


TO 

LINE 

AMPLIFIER 



ANALOG DEVICES Fig. 10-16 

This preamp for RIAA phone use uses two op amps by Analog Devices. A-switch selects com¬ 
pensation for moving magnet or moving coil pickups. 


80 



BASIC COMPLEMENTARY CLASS-AB SINGLE-SUPPLY AMPLIFIER 




WILLIAM SHEETS Fig. 10-18 

This input circuit will enable use of a high-impedance microphone where a low-impedance 
microphone would be needed. 
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ELECTRONIC-EAR LOW-NOISE AUDIO AMPLIFIER (FOR PAROBOLIC DISH MIKES) 
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Audio Power Amplifier Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audio Power Amplifier, 1.5 W, 12 V 
Parallel Power Op Amps 
10-Watt Audio Amplifier 

Power Bridge Amplifier with Single-Ended Output 

Line-Operated Audio Amplifier 

Basic Complementary Class-AB Power Amplifier 

Simple Vacuum Tube Amplifier 

Power Supply for Vacuum Tube Amplifier 

16-W Bridge Amplifier 

RFI-Proof Audio Power Amplifier 

Basic Quasi-Complementary Power Amplifier with Split Power Supplies 
RIAA Phono Amplifier 

Basic Quasi-Complementary Power Amplifier Circuit 
Phone Amp 

80-Watt IC Audio Amplifier 

Basic Complementary Power Amplifier Circuit 

General-Purpose AF Amplifier 

Bridge Connection of Two Power Op Amps 

90-V 10-A High-Power Amplifier 

Mini-Megaphone 
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AUDIO POWER AMPLIFIER, 1.5 W, 12 V 



WILLIAM SHEETS Fig. 11-1 


Although ICs have largely replaced circuits such as this, this circuit still finds use where the flexibil¬ 
ity of a discrete device design is desirable. Parts are easy to obtain and the problem of IC obsoles¬ 
cence is eliminated. The TIP31A can be heatsinked to a small metal heatsink, if desired. 


PARALLEL POWER OP AMPS 



The power amplifiers, A2 and A3, are wired 
as followers and connected in parallel with the 
outputs coupled through equalization resistors. 


NATIONAL SEMICONDUCTOR 


Fig. 11-2 
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10-WATT AUDIO AMPLIFIER 



This circuit, is a general-purpose 10-W audio amplifier for moderate-power PA or modulator use 
in an AM transmitter. With higher voltages and a change in bias resistors, up to 30 W can be obtained. 


POWER BRIDGE AMPLIFIER WITH SINGLE-ENDED OUTPUT 



Bridge amplifier with a single-ended output 
uses floating supply. Either input can be 
grounded. 


NATIONAL SEMICONDUCTOR 


Fig. 11-4 
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LINE-OPERATED AUDIO AMPLIFIER 



NATIONAL SEMICONDUCTOR Fig. 11-5 

An audio amplifier which operates off a +98-Vdc power supply (the rectified line voltage) is of¬ 
ten used in consumer products. The external high-voltage transistor, Ql, is biased and controlled by 
the LM3900. The magnitude of the dc biasing voltage, wliich appears across the emitter resistor of 
Ql is controlled by the resistor. The resistor is placed from the (-) input to ground. 






SIMPLE VACUUM TUBE AMPLIFIER 



POPULAR ELECTRONICS Fig. 11-7 

Using a pair of 60 FX5 tubes, direct operation from 120 Vac is possible. However, the use of a 
power supply with an isolation transformer is recommended. FJ1 is adjusted for equal voltages at pin 
1 of VI and V2. The power output is about 2 to 3 watts. 


POWER SUPPLY FOR VACUUM TUBE AMPLIFIER 



POPULAR ELECTRONICS Fig. 11-8 

The power supply for the amplifier uses two low-voltage transformers connected back-to-back. 
The full-wave bridge rectifier, BR1 provides dc for the filaments, plates, and screens. 
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16-W BRIDGE AMPLIFIER 


SIGNAL 

INPUT 


14.4V 14.4V 



NATIONAL SEMICONDUCTOR 

This circuit delivers 16 W RMS audio into a 4-0 load (i? L ). The ICs are LM383s. 


Fig. 11-9 


RFI-PROOF AUDIO POWER AMPLIFIER 

+ 12 V 



WILLIAM SHEETS Fig. 11-10 

This 1-watt audio amplifier was used in an FM repeater and proved to be immune to strong RF 
signal pickup. It functioned well in very strong RF fields. 
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BASIC QUASI-COMPLEMENTARY POWER AMPLIFIER WITH SPLIT POWER SUPPLIES 



WILLIAM SHEETS Fig. 11-11 

This is the basic circuit used in many audio power output stages where split supplies are used. 
This amplifier is inherently dc coupled and has high open loop gain and good dc stability if the feed¬ 
back network is properly designed. 


RIAA PHONO AMPLIFIER 


+18V 



NATIONAL SEMICONDUCTOR Fig. 11-12 

R, + 150 kQ. 

Mid-band gain =- 

150 kQ 
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80-WATT 1C AUDIO AMPLIFIER 



NATIONAL SEMICONDUCTOR Fig. 11-15 

This audio power amp will deliver 80 W of audio into an 8-ft load. The LM3875 IC devices should 
be suitably heatsinked. Note that the amplifier is a bridged circuit, with both speaker leads “hot.” 




GENERAL-PURPOSE AF AMPLIFIER 



others ore in picoforads (pf); Output impodonce (LS[speaker] terminal): 8 !1 

resietonces ore in ohms; k=1.000. M=1.000.000. Output Impedance (LINE terminal): 560 0 

1C Pins not shown are unused. Goin; Up to 70 dB, continuously variable 

nc=Not connected. Bandwidth: 16 Hz to 30 kHz, minimum 

*=See text. 

**”Heot sink (see text). 

QST Fig. 11-17 

Schematic of the general-purpose AF amplifier. All resistors are W, 5%-tolerance carbon-com¬ 
position or metal-film units. Equivalent parts can be substituted. General-purpose 10 replacements 
are shown in parentheses. 

BRIDGE CONNECTION OF TWO POWER OP AMPS 



These bridge connections provide differen¬ 
tial outputs that approach twice the total supply 
voltage. Diode bridge clamps output to the sup¬ 
plies. 


NATIONAL SEMICONDUCTOR Fig. 11-18 
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90-V 10-A HIGH-POWER AMPLIFIER 



NATIONAL SEMICONDUCTOR Fig. 11-19 

This amplifier can drive ±90 V at 10 A, more than twice the ..output swing of the LM12.'The IC 
provides current and power limiting for the discrete transistors. 


MINI-MEGAPHONE 



The Mini-Megaphone is comprised of an elec- 
tret microphone (MIC1), and LM386 low-voltage 
audio-power amplifier (Ul), a horn speaker 
(SPKR1), and a few other components. 


POPULAR ELECTRONICS 


Fig. 11-20 
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Automotive Circuits 


1 he sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Auto Stethoscope 
Automotive Electrical Monitor 
Car Alternator Monitor (Idiot Light) 

Cigarette Lighter 9-V Adapter 
Motorcycle Turn-Signal System 
Tachometer Signal-Conditioning Circuit 
Smart Turn Signal for Autos and Motorcycles 
Turn-Signal Alarm 

High-Power Audio Amp for Automotive Installation 

High-Power 12-VIC Auto Amplifier 

Capacitor Discharge Ignition System 

Car Audio Power Supply 

Motorcycle Headlight Monitor 

Headlight-Off Indicator 

Auto Battery Isolator Circuit 

Automotive HI-Z Test Light 
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ELECTRONIC AUTO STETHOSCOPE 



POPULAR ELECTRONICS 


Fig. 12-1 


The heart of the Stethoscope is the NE5532 audio op amp, Ul. That component directly drives 
low impedances arid allows the use of headphones without adding another amplifier. 
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AUTOMOTIVE ELECTRICAL MONITOR 

TABLE 1—AUTOMOTIVE ELECTRICAL FAULTS 


Condition 

Normal Voltage 

Possible Fault 

Vehicle at rest 

12.6 volts 

<12.4 volts: bad cell or 
severely undercharged battery 

Cranking 

>9 volts 

<9 volts: Weak battery 

Idling 

>12 8 volts 

<12.8 volts: Not charging; 
bad alternator or wiring 

Running 
minimum load 

>13.4 volts 

<13.4 volts: defective alternator 
or voltage regulator 

Running 
minimum load 

<15.2 volts 

>15.2 volts: Overcharging; 
defective regulator 

Running 
maximum load 

>13.4 volts 

<13.4 volts: alternator 
defective or belt slipping 



POPULAR ELECTRONICS Fig. 12-2 


The automotive electrical diagnostic system is built around a Maxim MAX8214ACPE five-stage 
voltage comparator, which contains a built-in 1.25-volt precision reference, and on-board logic that 
allows the outputs of two of the comparators to be inverted. 
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CAR ALTERNATOR MONITOR (IDIOT LIGHT) 



william sheets Fig. 12-3 

A window comparator is used to detect a too-low or a too-high system voltage. The minimum 
and maximum settings are set with two 50-k£2 pots, as desired. 


CIGARETTE LIGHTER 9-V ADAPTER 



WILLIAM SHEETS 


Fig. 12-4 


A simple way to provide +9 V at 100 mA from a 12-V auto source. Applications include small ra¬ 
dios, cassettes, etc. 
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MOTORCYCLE TURN-SIGNAL SYSTEM 



POPULAR ELECTRONICS Fig. 12-5 

Tired of making hand signals? Build this simple turn-signal system and keep your hands on the 
handlebars. 


TACHOMETER SIGNAL-CONDITIONING CIRCUIT 



To 

counter 


ELECTRONICS NOW Fig. 12-6 

This circuit, for use with auto tachometers, cleans up the ragged distribution waveform before it 
is sent to pulse counter circuits. 
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SMART TURN SIGNAL FOR AUTOS AND MOTORCYCLES 



POPULAR ELECTRONICS 


Fig. 12-7 


Momentarily pressing SI starts the left on-time timer and produces a positive output at pin 3 of 
Ul. Power for the on/off signal timer, U3, is supplied through Dl. 

Also, a positive bias is supplied from Ul’s output to the base of Q3, turning it on and turning Q4 
off. Unclamped Q1 turns the left turn-signal lamp on and off at that same low-frequency rate. Be¬ 
cause U2 is not activated, its output at pin 3 is low, keeping Q5 off. With Q5 turned off, Q6 is on, 
clamping the gate of Q2 to ground and keeping it from responding and supplying an output for the 
right turn-signal lamp. The left turn signal continues to operate until the Ul timer circuit times out; 
the right turn signal operates in a similar manner, with U2 setting its operating time. 

Potentiometer RIO sets the running time for the left turn signal and R11 sets that for the right 
turn signal. 
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TURN SIGNAL ALARM 



RADIO-ELECTRONICS Fig. 12-8 

This circuit can be used to tell the driver of a vehicle when his or her turn signal has been left bn 
for too long. The circuit consists of 1C1, a 555 timer; transistor Ql, and MPS3702 PNP preamp/driver; 
PB1, a piezoelectric buzzer; along with an assortment of resistors, capacitors, and diodes. The 555 is 
connected in the monostable mode, requiring only a momentary negative pulse at pin 2 to trigger the 
timing cycle. 

Power for the circuit is picked off the flasher relay and applied to IC1, pin 8, provided by an ini¬ 
tially discharged capacitor, C2. After the initial triggering, the voltage across C2 rises as it becomes 
charged through R4, a 10-kQ resistor. This prevents subsequent interference with the delay function 
caused by false triggering. 

Capacitor C3 and resistor R1 determine the delay. With the component values shown, a delay of 
about one minute will be provided before the intermittent tweet sound generated by the circuit be¬ 
gins. If higher values are used for C2 and Rl, a longer delay time will result. The light-emitting diode, 
LED1, provides a voltage drop to assure complete transistor blocking during the off periods of the 
flasher. Alternatively, two diodes in series can be used. 
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HIGH-POWER AUDIO AMP FOR AUTOMOTIVE INSTALLATION 



RADIO-ELECTRONICS Fig. 12-9 

Two of these audio amplifiers can be used to make a stereo amplifier 200 W per channel. IRF640 
and IRF9640 power MOSFETs are used to drive the output load, which might be 4 or 8 Q.. Response 
is 12 Hz to 45 kHz (-2 dB), THD <0.1%. Power is supplied by a switching-type power supply, which 
is external to the amplifier (±47 V). About 600 W total power (peak) is needed. 


HIGH-POWER 12-V 1C AUTO AMPLIFIER 


LM 383 (Heatsinked) 



WILLIAM SHEETS Fig. 12-10 
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CAPACITOR DISCHARGE IGNITION SYSTEM 



















A Parts list 


CAPACITOR DISCHARGE IGNITION SYSTEM (Cont.) 


Q1 —2N3055 
Q2-2N3053 
Q3-2N324] 

Q4-2N3241 
Q5-RCA 40657 
D1 — t N3193 
D2—1N3195 
D3-1N1763A 
D4-12 V, V* W 
0-0.25 fit, 200 V 
C2—1 fiF, 400 V 
C3—1 fit, 25 V 
C4-0.25 fit, 25 V 
F-5A 

LI —10 fiH, 100 Turn* of No. 28 Wire Wound on a 
2-W Resiitor (100 Ohm* or More) 

R1-1 000 ohm*, </j W 
R2-35 ohm*. 5 W 
R3—22,000 ohm*, Vi W 
R4—1000 ohm*, Vi W 
R5-18,000 ohms. Vs W 
R6-15,000 ohm*, Vj W 
R7-8200 ohm*, Vi W 
R8-0.39 megohm, Vi W 
R9-220 ohm*, 1 W 
RIO-1000 ohm., Vi W 
R11-68 ohm*, Vi W 
R12-4700 ohm*, V* W 
R 13-27,000 ohm*. »/j W 



Details of inverter transformer 


CAR AUDIO POWER SUPPLY 



POPULAR ELECTRONICS Fig. 12-12 

This supply has a variable output voltage feature and a dual voltage switch, S2. Qi should be ad¬ 
equately heatsiuked. 
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MOTORCYCLE HEADLIGHT MONITOR 


HEADLIGHT-OFF INDICATOR 


(TO 

MOTORCYCLE 

BATTERY) 



POPULAR ELECTRONICS Fig. 12-13 

The headlight on most newer bikes is keyed 
on with the ignition switch to guarantee that you 
are never underway without your headlight be¬ 
ing on. However, many older bikes have a fac¬ 
tory headlight switch, and a growing number of 
the newer bikes are owner-modified in the same 
way. 

A simple headlight monitor circuit consists 
of just an LED and a current-limiting resistor 
wired across the headlight switch, as shown. 
When the ignition..is on and the headlight switch 
is off, the LED will glow. 

AUTO BATTERY ISOLATOR CIRCUIT 


(TO 

MOTORCYCLE 



POPULAR ELECTRONICS Fig. 12-14 

Increasing the value of R 2 or C 1 will lower the 
oscillator’s frequency and decreasing one of those 
values will increase the frequency. The IC’s output 
at pin 3 drives the LED through R3 and sends 
power to the piezo sounder. Use a bright LED so 
that you will be able to see it in the daytime. 

AUTOMOTIVE HI-ZTEST LIGHT 


To main From 

electrical alternator 



ELECTRONICS NOW Fig. 12-15 

The diodes ensure that current can flow in 
both batteries from the alternator, but the main 
battery can’t feed the accessory system, nor vice 
versa. 



R1 VN2221 

2MEG ORBS170 


POPULAR ELECTRONICS Fig. 12-16 

This test, light has a high-input impedance 
and draws only 1 mA at 12 V. Q1 switches dc to a. 
battery and lamp circuit. 
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13 

Battery Charger Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Smart Battery Charger 
Rechargeable LED Flashlight 
Battery Charger Controller 
Single-Cell Lithium Battery Charger 
Battery-Charging Current Limiter 
Three-Cell Lithium Charger 
NiCad Battery Charger 
Backup Battery Monitor/Charger/Alarm 
NiCad Charger/Zapper 
2- to 5-Cell Lithium Battery Charger 
Lead-Acid Trickle Charger 
NiCad Battery Charger 
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SMART BATTERY CHARGER 



; ti 

[6-9 VAC 


PL1 

117V AC 


IJ2 

LM317T 


CELL 

UNDER 

CHARGE 


fin 


U1 

0 

•m 1 

♦5V 


RIO « 


AN78L05 

o Ig 




R7 - 
10K “ 

► 

i 

4.7MEG> 

—J<-< 



R4 

iok 

CAL * © 


sd 

D6 

1N4146 

C3 


U4-a^>-^—i 
yp 1/2 

»—M—« 



‘•''41LM393N 


717* rrw 

V 

lilD 


V4 CD4011B 


1/4 CD401 1B 

N U3 d\>- 


'11 j 2 I U3-aJ O- 

i/4 CD4011B 


ELECTRONICS NOW 


Fig. 13-1 


This charger wall work with NiCad or the new rechargeable alkaline batteries. The Smartcharger 
is comprised mainly of four chips—an AN78L05 5-V, 100-mA regulator (Ul), an LM317T 1-A ad¬ 
justable-voltage regulator (U2), a CD4011BE quad 2-input NAND gate (U3), and an LN393N dual- 
voltage comparator (U4). The value and rating of R2 is selected as described in the text. R2 is 
selected for a 1.2-V drop across it at the charging current (3 ft for 400 mA, 6 ft for 200 mA). 
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RECHARGEABLE LED FLASHLIGHT 



electronics now Fig. 13-2 

This flashlight is useful for applications where night, vision and/or darkness adaptation must be 
maintained. It uses an HLMP8150 T4 LED with a wavelength of 637 nm. This schematic is for the 
flashlight module. When the battery pack consisting of the four NiCad cells is fully charged (and 
there is no voltage at Jl), 4.8 Vdc flows through trimmer potentiometer R2, the normally closed con¬ 
tact of relay RY1, and push-on/push-off power switch Al. Trimmer R2 limits the current flowing 
through LED1. Switch SI can turn LED1 on and off when the battery is not being charged. 


BATTERY CHARGER CONTROLLER 



When the battery voltage is low, the TL081 comparator produces a high output, turning on the 
2N3569 relay driver. As the battery voltage approaches the set point, the relay driver is cut off, open¬ 
ing the 120-Vac supply. 
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SINGLE-CELL LITHIUM BATTERY CHARGER 

1M0Q1 



ELECTRONIC DESIGN Fig. 13-4 

An LP2951 regulator was chosen for this single lithium cell-charging circuit for its built-in cur¬ 
rent-limiting capability. In addition, the regulator’s output voltage is extremely stable, which is a pre¬ 
requisite for lithium battery charging. This figure details an example circuit designed to recharge a 
single cell. The required output set voltage was specified as 4.200 V (±0.025 V) with a maximum 
charging current of about 150 niA. 

An LP2951 regulator was selected for two reasons. One is that its built-in current limiter holds 
the maximum current to 160 mA (typical). The other is because the output voltage can be very ac¬ 
curately set to 4.200 V, thanks to the regulator’s stable internal bandgap reference. 

The 1.23-V reference appears between the feedback pin and ground, which causes a precise 
current to flow in the output resistive-divider string. The amount of current flowing in these resis¬ 
tors determines (sets) the charger output voltage that appears across the battery terminals. Large- 
value resistors keep the battery drain below 2 p.A when the dc input is removed (a customer 
requirement). A trimming potentiometer sets the output to 4.200 V. It must be adjusted when the 
battery isn’t connected to the charger output. A blocking diode is required at the LP2951’s output to 
prevent current from flowing out of the battery and back into the output when the dc-input source 
is removed. Because the diode is in series with the output, the minimum input-output voltage dif¬ 
ferential required for this circuit to operate is about 1.5 V. 

BATTERY-CHARGING CURRENT LIMITER 





•SEE TEXT 


POPULAR ELECTRONICS fig. 13-5 

This circuit uses an LM317 as a current regulator to limit charging current to a lead-acid battery. 
R2 should produce a 1.2-V drop at the desired limiting value of charging current. 


108 




THREE-CELL LITHIUM CHARGER 



ELECTRONIC DESIGN Fig. 13-6 

This 3-A, three-cell charging circuit for lithium batteries includes a built-in on/off switch made 
up of Q3, R4, and D3. When a dc input is present, D3 turns on Q3, which allows current to flow 
through the LM3411 and Ql. If dc voltage is removed, Q3 turns off, cutting battery drain to zero. 


NICAD BATTERY CHARGER 



LINEARTECHNOLOGY Fig. 13-7 

The LTC1265 is configured as a battery charger for a four-NiCad stack. It has the capability of 
performing a fast charge of 1 A, a trickle charge of 100 mA, or the charger can be shut off. In shut-off, 
diode D1 serves two purposes. First, it prevents the LTC1265 circuitry from drawing battery current 
and second, it eliminates “back powering” the LTC1265, which avoids a potential latch condition at 
power up. 
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BACKUP BATTERY MONITOR/CHARGER/ALARM 


Jfl 



Battery Condition 
Meter Calibration 


Lead-Acid Battery Lead Calcium Batteiy 


Color 

Voltage 

Color 

Voltage 

Red 

11.6 and below 

Red 

11.6 and below 

Yellow 

11.6 to 12.0 

Yellow 

11.6 to 12.0 

Green 

12.0 to 13.8 

Green 

12.0 to 13.5 

Red 

13.8 and higher 

Red 

13.5 and higher 


Charging voltage is constant at the normal full-charge level, so the charging current drops as full 
charge is approached, and full charge is maintained with a trickle current. The charging voltage Can 
be adjusted between approximately 10 and 15 Vdc to accommodate lead-acid (13.8 V) or lead-cal¬ 
cium (13.2 V, 13.5 V maximum) deep-cycle storage batteries. 

A separate connection is provided so that an external charger can be used when greater than 3 
A is needed to charge a partially discharged battery. Internal circuitry will maintain the charging volt¬ 
age to the battery at the nominal full-charge voltage level, regardless of the voltage supplied by the 
external charger, which will be 2 V or more greater than that applied by the regulator to the storage 
battery. Warning: do not fast-charge deep-cycle storage batteries! 

A pair of meters calibrated to indicate 20 Vdc and 20 Adc full-scale monitor voltage and current 
when batteiy power is used. 

A separate, suppressed zero, cxpanded-scale meter calibrated over the range of about 10 to 15 
Vdc allows immediate and constant indication of the state of charge of the station’s backup battery. 
This meter scale is calibrated in bands of red, yellow, and green, as explained in the table. The nar¬ 
row yellow segment is based on the assumption that solid-state transceivers might not operate prop¬ 
erly .below +12 Vdc. The internal power supply is used to ealibrate this meter. A DMM should be used 
for greatest accuracy. 
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BACKUP BATTERY MONITOR/CHARGER/ALARM ( Cont.) 


Aii alarm circuit is included to indicate when the battery has been discharged by 60 percent to 
the 11.6-Vdc level. When battery voltage is above 11.6 V, the green LED will be illuminated; when 
voltage falls to 11.6 V, the green LED goes out and the red LED lights. A piezo audible alarm sounds 
at tliis low-voltage level unless silenced by the toggle switch controlling it. 

A pair of fixed three-terminal regulators are included to provide +9 and +6 Vdc. 


NICAD CHARGER/ZAPPER 



73 AMATEUR RADIO TODAY 


Fig. 13-9 


The NiCad charger/zapper has a built-in charger and zapper circuit to clear shorted NiCads. This 
circuit delivers a high-current pulse to trim out internal shorts. 
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2- TO 5-CELL LITHIUM BATTERY CHARGER 



ELECTRONIC DESIGN Fig. 13-10 

A more generally applicable circuit-design concept for recharging lithium batteries could easily 
accommodate different cell types and various numbers of cells. That’s because both the charger out- 
put-voltage set point and current limit, or maximum charging current, can be adjusted by simply 
changing a resistor. 


LEAD-ACID TRICKLE CHARGER 



mvmrtR 

POPULAR ELECTRONICS Fig. 13-11 

This lead-acid battery trickle charger can be used as a stand-alone circuit (for alarm systems and 
such) or combined with the circuit in the figure to create an emergency lighting system. 
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NICAD BATtERY CHARGER 
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This circuit has a current regulator and uses an external timer to control the charging rate. 
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Battery Monitor Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

Battery Monitor 
Battery Butler 

IJndervoltage Indicator for Single Cell 

Battery Charger Probe 

Low-Battery Circuit 

Battery Charge Indicator 

Battery Status Indicator 

Lithium Memory Backup Replacement 

Battery-Condition Indicator for 12-V Batteries 
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BATTERY MONITOR 



ELECTRONIC DESIGN Fig. 14-1 

One typical application for the detector involves monitoring a lead-acid battery. It indicates a 
fault when the battery voltage is outside an 11- to 14-V window. Because the circuit is powered by 
the battery, the input and reference were switched to keep the comparator inputs within its com¬ 
mon-mode range. 

The circuit’s reference is 5.0 V. The resistor values in divider, R1/R2 were selected to produce 5!5 
V at the inverting input when the battery voltage is 14.0 V. Divider R3/R4 is set to produce 4.5 V at 
the noninverting input when the battery voltage is equal to 11.0 V. 

When the battery voltage is within the window, the noninverting input is more positive than the 
inverting input which is clamped at 4.5 V by CR2, the noninverting input continues below that, the 
comparator’s output goes low, and the LED turns on. When the battery voltage rises above 14 V, the 
noninverting input is clamped at 5.5 V by CR1, the inverting input continues above that, the com¬ 
parator output again goes low, and the LED turns on. Resistors R5 and R6 show that hysteresis might 
be added to this circuit in a conventional manner. 

If an op amp, such as an LM324 is used as the comparator, two LEDs can be implemented. The 
green LED will turn on when the battery voltage is within the window, and the red LED turns on 
when the battery voltage is outside the window. 
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BATTERY BUTLER ( Cont .) 


The battery butler solves the common problems associated with the maintenance and operation 
of NiCad batteries. The battery butler, by initially discharging a NiCad battery to a preset point, re¬ 
duces the possibility of the “memory” effect occurring. Once discharged, a batteiy is then usually 
charged at 25% and reduce the internal cell pressure increase by 40% or more. Once the battery is 
fully charged, a trickle charge is provided to maintain the battery in a fully charged state. The bat¬ 
tery butler circuit can be bypassed, and the existing fast-charger used, if needed. 


UNDERVOLTAGE INDICATOR FOR SINGLE CELL 



NATIONAL SEMICONDUCTOR 


Fig. 14-3 


When operating with a single cell, it is necessaiy to incorporate switching circuitry to develop 
sufficient voltage to drive the LED. A circuit that accomplishes this is drawn in the figure shown. Ba¬ 
sically, it is a voltage-controlled asymmetrical multivibrator with a minimum operating threshold 
given by: 


(R l + R 2 

R, (ft 3 + 


Above this threshold, the flash frequency increases with voltage. This is a far more noticeable in¬ 
dication of a deteriorating battery than merely dimming the LED. In addition, the indicator can be 
made visible with considerably less power drain. With the values shown, the flash rate is 1.4 sec -1 
at 1.2 V with 300-pA drain and 5.5 sec -1 at 1.55 V with 800-pA drain. Equivalent visibility for con¬ 
tinuous operation would require more than 5-mA drain. 
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BATTERY CHARGER PROBE 



TO NEGATIVE 
BATTERY CHARGER CLAMP 

POPULAR ELECTRONICS Fig. 14-4 

This battery-charger probe can keep you from damaging batteries or yourself by testing to see if 
the charger is already on and/or connected improperly. 

To use the probe, the positive cable clamp is first connected to the positive battery terminal. 
Then, the test plate is touched to the negative terminal of the battery. If the battery is connected 
properly, current will pass from the test plate through Rl, LED1, Dl, the negative charger, and into 
the positive side of the batteries. If LED1 (the green LED) lights, you can clamp on the negative lead 
and turn on the charger. 

If the terminals are reversed, current will flow in the opposite direction, causing LED2 to light, 
warning you of danger. When the cable is reversed, Dl protects LED1 from excessive reverse volt¬ 
age. If that happens, immediately turn the power off, and right the cable connections. Finally, if the 
battery charger is on, both LEDs will light because chargers actually produce pulsating dc and rely 
on the battery to act as a filter. 


LOW-BATTERY CIRCUIT 


♦5V 



maxim Fig. 14-5 

A Maxim MAX691A series 1C allows low-battery detection. 
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BATTERY CHARGE INDICATOR 


TO 

CHARGING 

CIRCUIT 

VOLTAGE 


( 

-VA- 

R SEI*SE 

-VA-- 

R CURfiENT 

LIMIT 

(IN CHARGER) 

\ 

1 2N3638 



* 




LED1 


R1 

IK 


TO 

^NICKEL-CADMIUM 

BATTERIES 


RADIO-ELECTRONICS Fig. 14-6 

When a battery is charging, a voltage drop across A* SENSE causes Q1 to conduct, and lights LED1. 
/^sense should be chosen as follows: 


r sense (°hms) = 


0.65 

^CHARGE ( am P s ) 


BATTERY STATUS INDICATOR 



NATIONAL SEMICONDUCTOR 


Fig. 14-7 


In battery-powered circuitry, there are some advantages to having an indicator to show when the 
battery voltage is high enough for proper circuit operation. This is especially true for instruments 
that can produce erroneous data. 

The battery status indicator is designed for a 9-V source. It begins dimming noticeably below 7 
V and it extinguishes at 6 V. If the warning of incipient battery failure is not desired, R3 can be re¬ 
moved and the value of R l is halved. 
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LITHIUM MEMORY BACKUP BATTERY REPLACEMENT 



Circuit 

QST Fig. 14-8 

Physically very small high-capacitance capacitors are available for memory backup. Here, a 0.1- 
F (100,000 |iF) capacitor and two diodes replace the lithium battery. The litliium battery can be re¬ 
tained as well, providing double backup. 

BATTERY-CONDITION INDICATOR FOR 12-V BATTERIES 



McGRAW-HILL Fig. 14-9 

A simple battery condition indicator. Choose the Zener diodes to provide a “window” for over/un¬ 
der voltage indication. 
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Bridge Circuits 


X he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Single-Supply Bridge Amplifier 
Wheatstone Bridge 

Bridge Amplifier with Low Noise Compensation 
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SINGLE-SUPPLY BRIDGE AMPLIFIER 


DESIRED 

GAIN 

Rc 

(Q) 

NEAREST 1% Ro 

(A) 

1 

NC 

NC 

2 

50.00k 

49.9k 

5 

12.50k 

12.4k 

10 

5.556k 

5.62k 

20 

2.632k 

2.61k 

50 

1.02k 

1.02k 

100 

505.1 

511 

200 

251.3 

249 

500 

100.2 

100 

1000 

50.05 

49.9 

2000 

25.01 

24.9 

5000 

10.00 

10 

10000 

5.001 

4.99 



NOTE: (1) R, required to create proper common-mode voltage, 
only for low voltage operation — see text 


BURR-BROWN 


Fig. 15-1 


The INA118 can be used on single-power supplies of +2.7 to +36 V. The figure shown is a basic 
single-supply circuit. The output Ref terminal is connected to ground. Zero differential input voltage 
will demand an output voltage of 0 V (ground). Actual output voltage swing is limited to approxi¬ 
mately 35 mV above ground, when the load is referred to ground as shown. The typical performance 
curve “Output Voltage vs. Output Current” shows how the output voltage swing varies with output 
current. 

With single-supply operation, +V IN and -Vj N must both be 1.1 V above ground for linear opera¬ 
tion. You cannot, for instance, connect the inverting input to ground and measure a voltage con¬ 
nected to the noninverting input. 

To illustrate the issues affecting low-voltage operation, consider the circuit in the figure. It shows 
the INA118, operating from a single 3-V supply. A resistor in series with the low side of the bridge en¬ 
sures that the bridge output voltage is within the common-mode range of the amplifier’s inputs. 
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WHEATSTONE BRIDGE 



POPULAR ELECTRONICS 


Fig. 


This circuit can be used to measure resistances. R7 is calibrated and fitted with an indicator 
then: 

ft R „ ft„ 

-^-- — or ft = — x (ft. through ft.) 

(ftj through ft 5 ) ft 6 x ft G 1 5 


A frequency of 1 kHz for the audio oscillator is usually used. 
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Buffer Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Unity-Gain ADC Buffer 
HI-Z Microphone Buffer Amplifier 
Wideband General-Purpose Buffer 
ADC Buffer 

Single-Supply ac Buffer Amplifier 
Analog Noninverting Switched Buffer 
Voltage Follower 

Simple Bidirectional Buffer Design 
Buffer for A/D Converters 
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UNITY-GAIN ADC BUFFER 



ANALOG DEVICES Fig. 16-1 

This buffer is suitable for ADCs of 12 bits with conversion times of 5 ps or greater. The wide 
bandwidth of the AD845 ensures a low output impedance at higher frequencies in the voltage fol¬ 
lower (buffer) configuration. 


Hl-Z MICROPHONE BUFFER AMPLIFIER 



WILLIAM SHEETS Fig. 16-2 

A low impedance output from a high-Z microphone can be obtained with this circuit. No voltage 
gain is obtained, but a power gain is obtained because the output impedance is much lower (300 Q), 
with -6-dB voltage gain. 
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WIDEBAND GENERAL-PURPOSE BUFFER 



ANALOG DEVICES Fig. 16-3 

This circuit has unity gain and response up to 70 MHz. U1 is an Analog Devices AD817. 


ADC BUFFER 




ANALOG DEVICES Fig. 16-4 

Useful for driving high-speed, 10-bil ADCs, this circuit was developed to drive an 18-MSPS 10- 
bit ADS. It works from ±5-V supplies. 
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SINGLE-SUPPLY ac BUFFER AMPLIFIER 


V C C * 12 ov 



NATIONAL SEMICONDUCTOR Fig. 16- 


This buffer might be used with a single sup¬ 
ply without special considerations. The input is 
dc biased to mid-operating point and is ac cou¬ 
pled. Its input impedance is approximately 500 
kQ at low frequencies. Note that for dc loads ref¬ 
erenced to ground, this quiescent current is in¬ 
creased by the load current set at the input dc 
bias voltage. 


ANALOG NONINVERTING SWITCHED BUFFER 


±10V V,N1 O- 1 

±10V V| N2 o-C 

nov v IN3 O-< 

ilOV V| N 4°-O' 

F 

ANALOG DEVICES 






J 




J 








Ron ' 
lOOO 



Here is noninverting solution. 


Fig. 16-6 


VOLTAGE FOLLOWER 



__ ._ R*comm*nd*d 

0BAWP Buffer 

LM101. LM508, LM741.LF151 LH0002 

LH0022, LH0042. LH0052 

LF155, LF158, LFl 57. LH0024, LH0032 LH0033 Ftsc j 

LH0024, LH0032 LH0083 


NATIONAL SEMICONDUCTOR 


Fig. 16-7 
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SIMPLE BIDIRECTIONAL BUFFER DESIGN 

+5 V 



ELECTRONIC DESIGN pig. 16-8 

This circuit shown in the figure uses two 74LS241s. When both input/output lines are high, IC- 
1A and IC-2B turn on, and Cl and C2 are charged to high voltage. Meanwhile, IC-1B and IC-2A are 
off to prevent a logic “1” latch. 


BUFFER FOR A/D CONVERTERS 

Vcc 



LINEAR TECHNOLOGY pjg m Jg.g 

This circuit uses an LT1366 driving an LTC1288 two-channel rnieropower A/D. The LTC1288 can 
accommodate voltage references and input signals equal to the supply rails. The sampling nature of 
tlus A/D eliminates the need for an external sample-and-hold, but might call for a drive amplifier be¬ 
cause of the A/D’s 12-jis settling requirement. The LT1366’s rail-to-rail operation and low-input off¬ 
set voltage make it 'well suited for low-power, low-frequency A/D applications. In addition, the 
op-amp’s output settles to 1% in response to a 3-mA load step through 100 pF in less than 1.5 ps. 
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Clock Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Set Time Windows within a Clock 
Low-Frequency Clock 
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SET TIME WINDOWS WITHIN A CLOCK 



5-V 

variable 

pulse 

output 

JUL 


ELECTRONIC DESIGN 


Fig. 17-1 


At times, it is necessary to produce pulses of adjustable width and whose start times might vary 
with reference to a master clock. The input signal is inverted and buffered by U1A, while U1B and 
U1C reinvert the signal to produce square, buffered renditions of the input signal. Potentiometers R3 
and R4 set references for the comparators. 

The input polarity of U2A keeps its output transistor turned on until the voltage at the nonin¬ 
verting input exceeds the reference set by R4 (the rising edge adjustment). When this reference 
voltage is exceeded, the output transistor is turned off and the output signal is pulled up via R6. 
Meanwhile, the input polarity of U2B keeps its output transistor turned off until the voltage at the in¬ 
verting input exceeds the reference set by R3 (the falling edge adjustment). When this reference 
voltage is surpassed, the output transistor of I.J2B is turned on, pulling the output signal low through 
the wired-OR configuration of U2. The output of U2 is then double-inverted and buffered by U1D and 
U1E. What results is a pulse whose start time (rising edge) can be adjusted by R4, and whose stop 
time (falling edge) can be adjusted by R3. 

The output of the comparators is pulled up to the input waveform through resistor R6 to U1C. 
This prevents the comparators from switching during the low cycle of the input waveform, regard¬ 
less of the positions of R3 and R4. This has the effect of “locking out” changes during the low period 
of the input signal, and would probably require additional logic if it were done strictly in the digital 
domain. 

The circuit, with the component values shown, works well between about 50 and 3 50 kHz. 
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LOW-FREQUENCY CLOCK 



(See text) (See text) 


ELECTRONICS NOW 


Fig. 17-2 


The LM3090 is an LED flasher IC that, is designed to oscillate at low frequencies. The clock out¬ 
put of the first circuit can be changed by changing the value of the capacitor, and the second circuit 
lets you adjust the frequency with the trimmer. B1 can be one or two alkaline 1.5-V cells. The 
LM3909 can supply up to 45-mA pulses at greater than 2 V. 
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Computer-Related Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

RS-422 to RS-232 Converter 
Printer Port 
PC Password Protector 
Key Wireless RTS with Data 
Microprocessor Supervisory Circuit 
Computer-Powered RS-232 
+ 12-V Flash Memory Programming Supply 
EEPROM Programming Doubler Circuit 
Monitor Power Saver for Computers 
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RS-422 TO RS-232 CONVERTER 


Co 
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The circuit supplies two LEDs for visual indication of line activity and terminating resistors when needed. The 220-0 resis¬ 
tors and 5-V zeners at the RS-422 line inputs supply circuit protection. 

Switch SW7 allows the circuit monitor both transmitted and received signals when tee-connected into an RS-232 line. One 
function of this optional feature is the ability to test a software-locking device that connects to the C0M1 port on an IBM PC. 





PRINTER PORT 



ELECTRONIC DESIGN 


Fig. 18-2 


A 16-step programmable current generator can be modified so that it’s controllable by a printer 
port. This is done by switching the resistor connected between the output of the generator’s OA1 op 
amp and the input of OA2. The CMOS single 16-channel analog multiplexer (101) chooses one resis¬ 
tor at a time, in accordance with the code sent by the printer port through four of its eight data-out- 
put lines (pins 2 to 9). In addition, one control line (pin 1) is used to enable the operation. As a result., 
16 outputs can be selected by a 4-bit word (the table shows the relationship between data word and 
selected resistor). 

The following must be fulfilled in order for the circuit to work as a true current generator: 

R., x R 1 . - R. x R — 0 

& a b c 

The smaller the resistors’ tolerance (especially R1 through R16), the greater the output resis¬ 
tance of the generator. 

Because the OA2 is connected as a repeater, the current / 2 = 0, and only the load current flows 
through one of the R1 through R16 resistors. Therefore: 

j Ys* 

° Ut " <*x + *on) 


134 









PRINTER PORT (Conf.) 


where V w)[ = V. m ;X = and R on < 150 £2 (for K DD = 10 V) is the resistance of one analog switch 
(CD4067) in conduction. 

Therefore, the values of resistors R x through R l& can be inferred from the needed currents: 


R. = 



-R 


on 


The Turbo C++ program also controls the current through the load. 


TURBO C++ CONTROL PROGRAM 


♦include <stdio.h> 

♦include <dos.h> 

♦define OUT_PORT 0x378 /'printer output port address */ 

♦define CTRL PORT 0x37A /'printer control port address */ 

int main(void) 

( 

int data; 

outport (CTRL_PORT , 0x01); // enable operation 

delay <1); 

outportb(OUT_PORT) , data); // one of R1 -R16 selected (table) 
printf("\n\aR%d selected .", data + 1) ; 
return 0; 

) 
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PC PASSWORD PROTECTOR 



ELECTRONIC EXPERIMENTERS HANDBOOK Fig. 18-3 

IC4, a static RAM, is mounted in a “smart” built-in switch over circuitry. This retains SRAM con¬ 
tents when power is off. The rest of the circuitry consists of address decoding logic and jumper .TUI, 
used to decode a 16K address space for the 32K static RAM. Software is necessary and this is con¬ 
tained in the original article (see reference). 
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KEY WIRELESS RTS WITH DATA 



Holes: Ct-C 6 = VF. 35-V Ta C 7 -C 8 = 100 pF disc R 1s 5%.1/8W U1 * Sipex SP232 U2-U3 = Philips HFE4731 


ELECTRONIC DESIGN Fig. 18-4 

This simple keyer supplies both the RTS control and data delay nccdcd.to interface a digital ra¬ 
dio with an RS-232, data-only system. It supports speeds to 19.2 kbits/s sync or async. 


MICROPROCESSOR SUPERVISORY CIRCUIT 



maxim Fig. 18-5 

This circuit provides a reset pulse during power up, down, or low-voltage battery back up, 
switching, a watchdog timer and a 1.25-V threshold detector for power failure or power fail warning, 
or to monitor another supply. 
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COMPUTER-POWERED 


D4 



B 



ELECTRONIC DESIGN 


Fig. 18-6 




COMPUTER-POWERED RS-232 (Coni) 


Commercializing battery-operated equipment that must interface to a computer via the RS-232 
port runs into the problem of power consumption. To load the system batteries strictly to power the 
interface is unacceptable. An alternative is to let the computer that the device is connected to pro¬ 
vide the interface’s power. One snag is that the RS-232 specification doesn’t have a power tap on the 
com lector, but it does provide RTS and DTR (request to send and data terminal ready) signals that 
assert a negative voltage in their quiescent state. 

Figure 18-6A shows a simple scheme of deriving a 5-V potential from the RTS and DTR signals. 
R7 and R8 and diodes D1 and D2 mix the return current to the RS-232 port so that the RTS and DTR 
drivers split the current drawn by the interface. This scheme, even from a laptop computer, can sup¬ 
ply 12 mA to the interface. The only drawback is that the TTL device must be isolated from the com¬ 
puter’s ground (earth ground) because the interface treats the RS-232 ground as a positive voltage. 

A modified optocoupler system shifts the RS-232 level to TTL voltages (Fig. 18-6B). It will sup¬ 
port up to 9600.bits/s. 03 is charged up to about 1 V less than the RTS voltage while the TTL line as¬ 
serts a marking state. As the capacitor is charging, Q3 is biased into saturation, thus providing a 
negative voltage (with respect to RS-232 ground) to the RS-232 RXD line. When a spacing bit is driven 
from the TTL line, Q3 switches off and Q4 switches on. This biases Q4’s emitter up to the RS-232 
ground. That ground potential is summed with C3’s charge to create an RS-232-compatible spacing 
signal (approximately 1 V less than a -Fj^,). 

The discharge rate on C3 is limited by R15 to prevent the signal sag from becoming a problem 
down to 110 bits/s. The C2/R1 time constant must be fairly close (within 4 times) to the C3/R15 time 
constant to ensure that Q3 turns off correctly. 
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+12-V FLASH MEMORY PROGRAMMING SUPPLY 



maxim Fig. 18-7 

The MAX734 can deliver up to 120 niA @12 V from a +5-V supply, using few external compo¬ 
nents. This supply can also be used for other applications than memory programming. A logic level 
is used for shutdown. Efficiency is about 85%. 


EEPROM PROGRAMMING DOUBLER CIRCUIT 



ELECTRONIC DESIGN Fig. 18-8 

Even though electrically erasable PROMs offer the convenience of single-byte write and erase 
operations, the parts require a somewhat nonstandard programming voltage—21 V. A simple circuit 
that develops the appropriate voltage from a computer system's standard 12-to-15-Vdc supply, reme¬ 
dies the problem nicely. Moreover, it permits the programming voltage to be pulsed under the control 
of an external CPU. 

As shown in the figure, the chip uses its complementary outputs, Q1 and Q2 to trigger a bridge 
rectifier through capacitors C2 and C3. Resistors R2 and R3 and diodes D1 and D2 limit the current 
and protect IC1 from spikes from C2 and C3. If required, the regulator will deliver up to 150 mA. 

Circuit IC3 is an open-collector TTL gate whose output, when low, disables IC2 and causes it to 
put out 5 Vdc. The regulator delivers the 21-V programming pulse. 
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MONITOR POWER SAVER FOR COMPUTERS 



electronics now Fig. 18-9 

The circuit monitors PC keyboard activity through five-pin DIN connector Jl. When the user 
presses a key, the keyboard sends a series of negative-going pulses on pin 2. In conjunction with Q1 
and 03, the op amp essentially functions as an integrator, wliich stretches the continually varying pe¬ 
riods of the input pulses to a relatively constant period with a higher average dc value. 

Inverters TCl-c and ICl-b buffer the peak detector’s output to trigger IC4, an MC14536B pro¬ 
grammable timer. 
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19 

Continuity Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Short-Circuit Beeper 
Adjustable Continuity Tester 
Simple Audio/Video Cable Tester 
Audible Continuity Tester 
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SHORT-CIRCUIT BEEPER 


+12 V 



ELECTRONIC DESIGN Fig. 19-1 

This design offers a way to trace resistance in the milliohm range, right to a short between 
bridged traces beneath a solder mask. It simply translates resistance into an audible tone, which in¬ 
creases in pitch as the measured value approaches zero. 

In the classic op-amp multivibrator (shown in the inset), oscillation frequency is determined not 
only by the Rl/Cl time constant, but also by the hysteresis set by the RJR% resistance ratio. A1 in the 
main figure, with current boosters Q1 and Q2, is this same configuration. 

Assuming a virtual ground at the output of A2, free-run frequency is about 1 kHz—quite audible 
through a tiny 8-ft speaker. Q1 and Q2 deliver a ±10-V squarewave to R4, dumping a ±100 mA 
through a short circuit placed across the probe tips. R5 ensures that open circuit voltage never ex¬ 
ceeds ±0.1 V. 

A2 monitors the voltage between the probes. The differential input must have its own separate 
path to the probe tips to eliminate test lead resistance from the measurement. Miniature “zip-cord” 
sold as loudspeaker wire makes a tidy two-conductor test lead. 

When the probes are open, A2’s gain equals the R4/R5 divider loss, and the output of both am¬ 
plifiers is identical. This has two effects: first, hysteresis is greatly increased and the frequency falls 
to a low growl; second, the loudspeaker that bridges the two in-phase outputs is effectively silenced. 

The dead short across the probe tips will return nothing to A2 and the circuit will squeal at its 
nominal 1-kHz rate. Anything less than a perfect short produces some output from A2, increasing 
multivibrator hysteresis and lowering the pitch. The circuit has so much “leverage,” and the ear is so 
-sensitive to pitch changes in this range, that it’s easy to resolve minute resistance differences. 

Aliy general-purpose op amp will suffice in this circuit—a couple of 741s or an equivalent dual. 
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ADJUSTABLE CONTINUITY TESTER 



electronics now Fig. 19-2 

A problem with most continuity testers is that the exact decision point (circuit resistance) be¬ 
tween continuity and open is indefinite. This circuit allows setting of this point to a known resistance 
between 1 and 50 ft. 


SIMPLE AUDIO/VIDEO CABLE TESTER 


Fuse 



A jacks B jacks 


ELECTRONICS NOW 


Fig. 19-3 


As simple as it looks, the audio/video cable tester tests cables while they are plugged in. You can 
flex them vigorously while listening to the built-in buzzer. 

Simply plug the ends of the cable in the appropriate jack. Only one end of the cable need be 
plugged in for a complete short test; the other end is left free. If the buzzer sounds, there is a short 
circuit somewhere in the cable. If nothing is heard, test for an intermittent short by flexing the cable 
several times, particularly in the plug area of both the free and plugged-in ends. 
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AUDIBLE CONTINUITY TESTER 


+ 1.5 V 



Test 

probes 


IC1 

Cl 

R1 

SPKR 


LM3909 LED flasher/oscillator 1C 
10 p.F 10 V electrolytic capacitor 
1 kfl !4 W 5% resistor 
Small 8fi speaker 


McGRAW-HILL 


Fig. 19-4 
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Converter Circuits 


1 lie sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

WWV Converter 
Simple HF Receive Converter 
225-W, 15-V Output Converter 
12-Bit DAC 

Driven Flyback Converter 
Sine-Wave Converter 
SCR Converter 

5-V, 5-A Step-Down Converter 
Sync-to-Async Converter 
Differential Voltage-to-Current Converter 
Direct-Conversion 7-MHz Receiver 
Low-Frequency Converter 
Programmable Current-to-Voltage Converter 
Current-to-Voltage Converter with Boost Transistor 
Current-to-Voltage Converter for Grounded Loads 
Output-to-Current Converter 
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WWV CONVERTER 

+9VDC R1 C5 



RADIO CRAFT Fig. 20-1 

This converter heterodynes the 15-MHz WWV signal with a 16-MHz oscillator so that it can be 
heard at 1 MHz on an AM broadcast receiver. T1 and T2 are a modified 10.7-MHz IF transformer and 
AM BC oscillator coil, respectively. 


SIMPLE HF RECEIVE CONVERTER 



WILLIAM SHEETS Fig. 20-2 

Designed for CB reception, this crystal-controlled converter uses one 40820 dual-gate MOSFET. 
The circuit will work with any crystal either 3rd overtone or fundamental, over 1 to 50 MHz. 
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225-W, 15-V OUTPUT CONVERTER 



A converter designed to supply ±15 Vdc is shown. This converter is several times lighter in weight than an equivalent. 








225-W, 15-V OUTPUT CONVERTER ( Coni.) 


Cl — 2500 pF, 350 V Electroiyic 
C2 — 0.1 pF Disc Ceramic 
C3 — 0.1 pF Paper 
C4 — 10 pF Electroiyic 
C5 — 0.25 ju.F Paper 

D1 — MDA-980-4 Bridge Rectifier Assembly 
D2, D3, D4, D5 — 1N5826, 20 V 15 A 


Q1, Q5, Q6, — 2N6307 
Q2, Q4 — 2N5052 
Q3 — 2N5345 
Q7 — 2N4870 
Q8 — 2N3905 
Q9 — 2N3903 


All Resistors in Ohms and '/2 W Unless Otherwise Noted 


R1 —1, 10W 
R2 — 100 
R3 —82 
R4 — 22K 
R5 — 1.5K, 15 W 
R6 — 200 
R7 — 15 
R8 — 4.7K 
R9 —51 

T1 — Core — Magnetics Inc. 80623 — V 2 D — 080 
N1, N2 — 20 Turns Each, No. 30 AWG (Bifilar) 

N3, N4 — 3 Turns Each, No. 20 AWG 

T2 — Core — Arnold 6T 5800 D1 

N1, N2 — 100 Turns Each, No. 20 AWG (Bifilar) 

N3 — 7 Turns No. 26 AWG 

N4 — 12 Turns Each, No. 12 AWG (No. 16 AWG, 3 in Parallel) 

Z1 — 1N4733, 5.1 V 
Z2, Z3 — 1N4760, 68 V 
Z4 — 1N4736 


R10 —IK 
R11 —10K 
R12 — 270 
R13—IK 
R14 — 7.5K 
R15 — 2.5K 
R16 — 5K 
R17 — 3.5K 


12-BIT DAC 


»sv 



Fig. 20-4 


This circuit uses an Analog Devices DAC-8043 12-bit multiplying DAC. The output voltage will 
be D/4096 x V K{ where D is the numerical value of the digital input word (0 to 4095). V Kf is 1.235 
volts in this circuit. 
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DRIVEN FLYBACK CONVERTER 



Ground 0.001 //F 


McGraw-Hill Fig. 20-5 

This circuit uses an SGI524 Silicon General regulating pulse width modulator arid provides ±15 
V from a 5-V supply rail. 

SINE-WAVE CONVERTER 



20 kil (4) 


william sheets Fig. 20-6 

This circuit produces a sine wave with a low-frequency clock input. The clock rate should be 100 
Hz or less. 
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Trigger . 
circuit | 

„ -i 

Fig. 8.38 | 



McGRAW-HILL 

Fig. 20-7 

Two SCR devices are used in a push-pull driver to convert 28 Vdc to 155 Vdc, using the trans- 

^ t er shown - A center-tapped transformer with 24 V:120 V could be used for 60-Hz ap¬ 

plications. The trigger circuit supplies a push-pull drive signal. 


5-V, 5-A STEP-DOWN CONVERTER 


Input 

10 Vto 40 V 



(10 Vto 60 V) 

V.., . .w 

] 50 nF 

220 

" F T 

1 V| N «' S W 

MAXIM 

MAX724 

(MAX724A) 

HR 

A 

r 

^MBR745 

2.7 

w c -d 

Gnd 




Output 
5 V' at 5A 


o.oi -L ± -± 

5A step-down converter 

MAXIM 

Fig. 20-8 

This circuit is useful where power must be distributed by a higher (10 to 60 V) bus. The circuit 

quen^isTfte regUlat0rS - The ** 
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SYNC-TO-ASYNC CONVERTER 


DTE Sync MAX238 MAS7838 MAX236 Async DCE 



Point-topoint adapter wiring 


1.1 


5... 

...5 

6... 

...6 

7... 

...7 

8... 

...8 

9... 

...9 

10... 

...10 

15... 

...15 

17... 

...17 

20... 

...20 

21... 

...21 

24... 

...24 


Notes: 

• Maxim RS232 interface: MAX238 
•Sipex A/S converter: MAS7836 
•Generic regulator: 78L05 
•Ci and C 2 = 20-pF disk-type; other 
capacitors (6) = 1jiF, 35 V 
•Resistor = 1/8 W, 5% 


ELECTRONIC DESIGN Fig. 20-9 

This simple converter consists of two ICs and a voltage regulator. The Sipex MAS7838, wliich acts 
as the converter, selects the conversion speed to that of the synchronized data clock. It has internal 
switches and registers to perform the async-to-sync, or sync-to-async, conversion. The Maxim MAX238 
provides the RS-232 drivers and receivers for interfacing with the data bus. These cliips require a 5-Vde 
power supply; a generic 78L05 reduces the +12 V at the DB25 pin 9 to the +5 V needed. A crystal fre¬ 
quency of 4.91 MHz is suitable for converting to 19.2 kbits or a sub-multiple (9.6, 4.8, 2.4, etc.). Two 
1N4001 diodes protect the external RTS (ready to send) control circuitry if the RTS is enabled by SI. 
When JP1 is removed, the converter is transparent in the sync mode and no conversion will occur. 

The completed unit is mounted atop a universal breakout adapter, and the control lines are 
jumpered according to the chart in the figure. The physical size is approximately 1 x 2.25 x 2.5 inches 
and will easily plug into the DB25 socket on a synchronized data communications equipment (DCE) 
communication device. 
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DIFFERENTIAL VOLTAGE-TO-CURRENT CONVERTER 



BURR-BROWN 


Fig. 20-10 


DIRECT-CONVERSION 7-MHz RECEIVER 


10.8-MHz \. 

IF TRANSFORMER 



,04 M F ■# 


RADIO-ELECTRONICS Fig. 20-11 

An NE602 is used to mix signals in the 7-MHz 
range with an LO arid to produce audio output. 


LOW-FREQUENCY CONVERTER 


455-kHz \ 

IF TRANSFORMER 



RADIO-ELECTRONICS Fig. 20-12 

This converter circuit translates the 350- to 
500-kHz range to 4.35 to 4.50 MHz, enabling the 
frequency range to be received on a conventional 
shortwave receiver. 
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PROGRAMMABLE CURRENT-TO-VOLTAGE CONVERTER 



Programmable current-to-voltage converter 
permits you to electrically select from 16 resistor 
values using bilateral switches. 

IC1 741 op amp (or similar) 

IC2 CD4066 quad bilateral switch 
Cl 0.1-pF capacitor 

R1 10-kQ, K-W 5% resistor 

R2 4.7-kf2, 'A -W 5% resistor 

R3 2.2-k£2, /-W 5% resistor 

R4 1.2-kQ, /-W 5% resistor 

R5 100-£2, /-W 5% resistor 


McGRAW-HILL 


Fig. 20-13 


CURRENT-TO-VOLTAGE CONVERTER WITH BOOST TRANSISTOR 



ELECTRONIC DESIGN Fig. 20-14 

A transistor such as the MJE200 can be added to an Analog Devices AD830 to produce this cur¬ 
rent to voltage converter. Loads to 250 mA can be driven. The 5- to 65-pF trimmer is for compensation. 
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CURRENT-TO-VOLTAGE CONVERTER FOR GROUNDED LOADS 



ELECTRONIC DESIGN Fig. 20-15 


This circuit uses an Analog Devices AD830 
video difference amplifier. The circuit consists of 
two differential inputs. Unlike a conventional op 
amp, the AD830’s output is nulled when the sum 
of the differences of the two inputs is zero. 

The AD830’s stated unity-gain bandwidth is 
60 MHz, and the device is capable of driving up to 
±30 mA directly. The differential input voltage is 
limited to ±2 V, while the maximum power supply 
is ±15 V. 

If more output current is desired, the AD830 
can drive a bipolar transistor (such as an MJE200) 
directly. This will produce a one-sided output. 

A ferrite bead can be placed on the base to 
prevent oscillation under some conditions. Com¬ 
pensation can be added by splitting R H and 
adding a variable capacitor. A resistor can be po¬ 
sitioned at the input to match the amplifier’s in¬ 
put to a transmission line. 


OUTPUT-TO-CURRENT CONVERTER 



Vl 


Occasionally, it is preferable to generate a cur¬ 
rent, rather than a voltage, output into the load. 
The availability of differential inputs allows this to 
be accomplished in any of the four basic modes. 

If the output is to integrated, Z L can be sim¬ 
ple high-quality capacitor, unloaded by an op 
amp connected as a high-impedance follower. 
Note that, if desired, one side of a rest switch can 
be grounded. 

The compliance constraint for this configura¬ 
tion, where V L is an arbitrary common-mode po¬ 
tential, is: 

^, + Cut(4 + «s) IS12V 


ANALOG DEVICES 


Fig. 20-16 
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Crystal Oscillator Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

FET Quartz Crystal Oscillator 
Crystal Oscillator I 
FET VXO Circuit 

UJT 100-kHz Calibration Oscillator 
Crystal Oscillator with FM Capability 
Crystal Oscillator II 
dc-Switched Crystal Oscillator 
Crystal Oscillator with Adjustable Frequency 
Frequency Doubler and Crystal Oscillator 
Crystal Oscillator III 
Colpitts Oscillator 
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FET QUARTZ CRYSTAL OSCILLATOR 


♦9V 



POPULAR ELECTRONICS Fig. 21-1 

This oscillator uses an MPF102 JFET as an 
active element. 

FET VXO CIRCUIT 


CRYSTAL OSCILLATOR I 


+9-12V 



POPULAR ELECTRONICS Fig. 21-2 

In this circuit, series-resonant crystal XTAL1 
is used as a frequency-determining element. 
XTAL1 is between 0.1 to 10 MHz. 

UJT 100-kHz CALIBRATION OSCILLATOR 


+12V 



365pF rf OUT 


POPULAR ELECTRONICS Fig. 21-3 


An MPF 102 is used in a Colpitts-type oscilla¬ 
tor in order to pull the crystal frequency slightly. 



POPULAR ELECTRONICS Fig. 21-4 

This unusual 100-kHz oscillator (whose fre¬ 
quency is determined by XTAL1) can be used as a 
marker generator to calibrate the analog dial of a 
communication receiver, or its output can be fed to 
a divider counter to produce a stable lower-fre¬ 
quency output for use as a clock-signal generator. 
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CRYSTAL OSCILLATOR WITH FM CAPABILITY 


+9-V Reg. 



WILLIAM SHEETS Fig. 21-5 

This crystal oscillator produces a good FM signal that can be tripled to 146 MHz and produces a 
clean 5-kHz deviation signal for FM voice. The bias control is adjusted for cleanest audio while the 1- 
to 5-p.H coil is adjusted to set the oscillator frequency to the exact setting required. 


CRYSTAL OSCILLATOR II 



POPULAR ELECTRONICS Fig. 21-6 

An NE602 can be used as a crystal oscillator. 
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dc-SWITCHED CRYSTAL OSCILLATOR 

All diodes 

3.3 kf l MPN3700 2N706 



WILLIAM SHEETS Fig. 21-7 

This circuit is useful where several different crystal frequencies must be switched using a dc 
source. The values shown are typical for 40- to 60-MHz third-overtone crystals. Limitation on number 
of crystals depends on PIN diode capacitance and layout factors, but up to 5 or 10 crystals is possible. 


CRYSTAL OSCILLATOR WITH ADJUSTABLE FREQUENCY 



RADIO-ELECTRONICS Fig. 21-8 

In this crystal oscillator circuit, C3 adjusts the frequency of the oscillator for exact netting. The 
crystal is a fundamental type. C 1 = 100 pF and C 2 = 1000 pF are typical. 
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FREQUENCY DOUBLER AND CRYSTAL OSCILLATOR 



RADIO-ELECTRONICS Fig. 21-9 


This frequency doubler produces a sine wave 
at twice the frequency of XTAL1. Notice that the 
output is taken only from OUT B (pin 5), while 
OUT A (pin 4) is left open. 


CRYSTAL OSCILLATOR IN 



•SEE TEXT 


SEE TEXT 


RADIO CRAFT 


Fig. 21-10 


These circuits are for use with a crystal-con¬ 
trolled LO using the NE602. Cl, C2, and C3 are 
for crystals in the 5-MHz region and are approxi¬ 
mately chosen from 



pF, C 2 = 


1000 

^MHz 


PF 


C3 is for fine tuning the crystal frequency 
and will be 20 to 50 pF typically. 


COLPITTS OSCILLATOR 



f MHz 

C1=100pFA/T 

C2=1OOOpF/f 

1 

100 

1000 

2 

70 

500 

4 

50 

250 

10 

32 

100 

20 

22 

50 


Here: L x = 7 (iH/f, C 1 = C 2 « C 2 ~ 2400 pF//, 
where/is in MHz. In this circuit, the oscillator is 
free-running. 


RADIO-ELECTRONICS 


Fig. 21-11 
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Current Source and Sink Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Current Generator 
Voltage-Controlled Current Source 
Voltage-Controlled Current Sink 
Multiple Fixed Current Source 


161 






CURRENT GENERATOR 



This circuit, is useful for supplying constant 
current to test semiconductors. V om from U2 
reads the voltage across the load connected to 
/ 0IJT . R13 adjusts the supply compliance from 1 to 
about 18 V. 


VOLTAGE-CONTROLLED CURRENT SOURCE 


v’ 



NATIONAL SEMICONDUCTOR Fjg. 22-2 

A voltage-variable current source is shown in the figure. The transconductance is -(1/J? 2 ) as the 
voltage gain from the input terminal to the emitter of Q1 is -1. For V in = 0 Vdc, the output current is 
essentially 0 mA dc. Resistors R1 and R6 guarantee that the amplifier can turn OFF transistor Ql. 
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VOLTAGE-CONTROLLED CURRENT SINK 


v* 



A voltage-variable current sink is shown in 
the figure. The output current is 1 niA per volt of 
V. (as = 1 k£2 and the gain is +1). This circuit 
provides approximately 0 mA output current for 
Vjh = 0 V DCL. 


NATIONAL SEMICONDUCTOR 


Fig. 22-3 


MULTIPLE FIXED CURRENT SOURCE 

A multiple fixed current source is provided 


IMIVocI 



NATIONAL SEMICONDUCTOR Fig. 22-4 


by the circuit. A reference voltage (1 Vdc) is es¬ 
tablished across resistor R3 by the resistive di¬ 
vider (R3 and R4). Negative feedback is used to 
cause the voltage drop across R1 to also be 1 Vdc. 
This controls the emitter current of transistor Q1 
and if we neglect the small current diverted into 
the (-) input via the 1-MO input resistor (13.5 
pA) and the base current of Q1 and Q2 (an addi¬ 
tional 2% loss if the (3 of these transistors is 100), 
essentially this same current is available out of 
the collector of Ql. 

Larger input resistors can be used to reduce 
current loss and a. Darlington connection can be 
used to reduce errors caused by the (3 of Ql. 

The resistor, R2, can be used to scale the col¬ 
lector current of Q2 either above or below the 1- 
mA reference value. 
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dc-to-dc Converter Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Isolated dc-to-dc Converter 
dc-to-dc Converter I 

Ultra Low-Power dc-to-dc Converter for Personal Communications Products 
Negative Step-Up dc-to-dc Converter 
dc-to-dc Converter II 
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ISOLATED dc-to-dc CONVERTER 


+ 8 VCC 



73 AMATEUR RADIO TODAY Fig. 23-1 

A NE555 timer is used to drive a small transformer to change the 5- to 7-Vp-p output of the 
NE555 to a suitable value to drive a reetifier/Zener combination. This method is useful where a small 
isolated power source is needed. 


dc-to-dc CONVERTER 


+9 V 



william sheets Fig. 23-2 

This converter should be useful where a few milliamperes of dc at a higher voltage than available 
supplies can deliver is needed. T1 is typically a 1 kQ CT:10-kQ transistor audio transformer. De¬ 
pending on Tl, about 50 to 150 Vdc can be obtained at a few milliamperes. 
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ULTRA LOW-POWER dc-to-dc CONVERTER 
FOR PERSONAL COMMUNICATIONS PRODUCTS 


5V 

120mA 

OUTPUT 


Cl: PANASONIC SP SERIES (201) 348-4630 
C3 AVX TAJ SERIES (803) 956-0690 
LI: C0ILTR0NICS 0CTAPAK (407) 241-7876 

LINEAR TECHNOLOGY Fig. 23-3 

The LTC1174 step-down converter is designed specifically to eliminate noise at audio frequen¬ 
cies while maintaining high efficiency at low output currents. This circuit shows a 5-V, 120-niA out¬ 
put derived from 5 to 7 NiCad or NiMH cells. Small input and output capacitors that are capable of 
handling the necessary ripple currents help conserve space. In applications where shutdown is de¬ 
sired, this feature is available (otherwise short this pin to ty. 

The LTC1174’s internal switch, connected between V. m and V sw , is current controlled at a peak of 
approximately 340 mA. Low peak switch current is one of the key features that allows the LTC1174 
to minimize system noise compared to other chips that carry significantly higher peak currents, eas¬ 
ing shielding and filtering requirements, and decreasing component stresses. Output current of up 
to 450 mA is possible with this device by connecting the 1 pgm pin to V. m . This increases the peak 
current to 600 mA, allowing for a liigh average output current. 

NEGATIVE STEP-UP dc-to-dc CONVERTER 


A Maxim MAX724 is used in a step-up switch¬ 
ing converter to provide -15-V output from a -5- to 
-15-V input. 


MAXIM Fig. 23-4 
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dc-to-dc CONVERTER II 



POPULAR ELECTRONICS Fig. 23-5 

In this dc-to-clc converter, the 555 is used to produce a rising and collapsing field in Tl’s primary, 
generating a high voltage in Tl’s secondary winding. That voltage is then full-wave, bridge rectified 
by D1 through D4, and filtered by C3. T1 is an Amidon Associates EA-775-375E core and nylon bob¬ 
bin, with #26 wire for the primary and #28 or #30 for the secondary. About 5 W of power is available. 
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24 

Decoder Circuits 


i he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

DTMF Decoder 

FM Stereo Decoder 

Typical NE567 Tone Decoder Circuit 

Video Line Decoder I 

Video Line Decoder II 
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DTMF DECODER 



ELECTRONICS NOW 


Fig. 24-1 


This DTMF decoder uses a Motorola 68705F3 microcontroller and a 75T202 DTMF receiver (Sil¬ 
icon Systems, Inc.)- An LCD module is used for the display (MODI). Swatch SI is used to scroll the 
display, S2 clears the display, and S3 clears the memory. 
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FM STEREO DECODER 


V 4 - 12V 



NATIONAL SEMICONDUCTOR Fig. 24-2 

Using an LM1800, this circuit takes composite baseband MPX input and recovers L7R audio 
channels. The VCO is set for 19 kHz (or 15.7 kHz for TV applications) or as needed. 


TYPICAL NE567 TONE DECODER CIRCUIT 



+ V r r 5 to 9 V 


Output (low with tone input) 

1TLT 

AAA 


( a = Vi .1 fl,c, BW = 1070v v i - 200 mV RMS 


x nn *= < 2 kil @ L 


4 Hz Cj - 2 C 2 

C 2i xF 

V'lV 


WILLIAM SHEETS 


This circuit illustrates use of NE567 as a tone decoder. 


Fig. 24-3 
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VIDEO LINE DECODER I 


Line Line 
24 257 



ELECTRONICS NOW Fig. 24-4 

This line decoder uses only one pin for the line indicator. 


VIDEO LINE DECODER II 



ELECTRONICS NOW Fig. 24-5 

This circuit will produce pulses useful for gating lines 24 and 257 of a video signal, but by chang¬ 
ing the decoding logic, other lines can be decoded. 
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25 

Delay Circuits 


The sources of Ihe following circuits are contained in the Sources section, which begins on.page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Time-Delay Generator 
Simple Time Delay Circuit 
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TIME-DELAY GENERATOR 



NATIONAL SEMICONDUCTOR 


Fig. 25-1 


This circuit, uses a charging capacitor and three comparators to read the voltage across it. 


SIMPLE TIME DELAY CIRCUIT 



ELECTRONICS NOW 


Fig. 25-2 


Rotating the potentiometer wiper will change the time delay from the 555 IC. 
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26 

Detector Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. "The figure number in the box of each circuit correlates to the entry in the Sources section. 

High-Speed.Peak Detector with Hold and Reset Controls 
Lock Detector 
Linearized RF Detector 
Glitch Detector 

VCR Video Detector Controller 

Grid-Leak Detector 

Negative Peak Detector 

Double-Ended Limit Detector 

Positive Peak Detector 

LM556 Timer Frequency Detector 

Single-Comparator Window Detector 

15-kHz Tone Detector 

Crystal Radio Detector 

Switch Closure Circuit 

Air Flow Detector 

Low Drift Peak Detector 

Negative Peak Detector 

Positive Peak Detector 

455-kHz AM Detector 

ac Noise Detector 
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HIGH-SPEED PEAK DETECTOR WITH HOLD AND RESET CONTROLS 



NATIONAL SEMICONDUCTOR 


Fig. 26-1 


The LH0033 and LH0063 are useful in high-speed sample-and-hold or peak detector circuits be¬ 
cause of their very high speed and low-bias-current FET input stages. The high-speed peak detector 
circuit shown could be changed to a sample-and-hold circuit simply by removing the detector diode 
and reset circuitry. For best accuracy, the circuit can be trimmed with the 10-kf2 offset adjustment 
pot shown. The circuit has a typical acquisition time of 900 ns, to 0.1% of the final value for the 10-V 
input, step signal, and a droop rate of 100 pV/ms. Even faster acquisition time can be achieved by re¬ 
ducing the hold capacitor value. 
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LOCK DETECTOR (Conf.) 


This PLL lock indicator not only can detect a “locked” or “off-of-lock” condition, but also even if 
a single pulse or transition has been missed. 

When being sampled by the flip-flop, if the V signal leads the input reference signal R and the rising 
edge of R is lost, the D signal will remain liigli tliroughout the interval, allowing the flip-flop to be clocked 
high (Fig. 26-2A). If the R signal leads the V signal when the transition is missed, the rising edge of the 
V signal will trigger the D signal of the phase detector, causing the LED to blink (Fig. 26-2B). 

A “lock” detector often is used with a phase-locked loop (PLL) or synthesizer to indicate when 
the loop is phase-locked with an input signal. This circuit can be helpful, but single cycle skips usu¬ 
ally will go undetected because of the presence of. the low-pass filter. 


LINEARIZED RF DETECTOR 


SW1 LED1 

Off o Red 



ELECTRONIC DESIGN 


Fig. 26-3 


The circuit produces an extremely linear dc output for RF inputs between 80 mV mis and 4.0, mV 
rms. For inputs below 50 V rms, the dc output quickly drops to 0 V. 
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GLITCH DETECTOR 



POPULAR ELECTRONICS Fig. 26-4 

In the circuit, two op amps (half of an LM324 quad op amp) and an SCR are direct coupled in a dc- 
voltage monitoring circuit. Op-amp Ul-a is configured as a voltage follower, which feeds the bridged in¬ 
puts of the second op amp, Ul-b. A resistor/capacitor combination (R2/C1) connected to the negative 
input of UJl-b forms an RC time-delay circuit. As long as there is no change in the dc-voltage level at 
either of Ul-b’s inputs, its output is near zero. If a voltage glitch occurs, the RC timing circuit will delay 
the voltage change at the op amp’s inverting input, causing its output to go high, triggering SCR1 and 
causing LED1 to light. The circuit’s sensitivity allows it to detect voltage changes in the millivolt range. 
Pressing SI diverts the SCR’s holding current to ground, causing it to turn off and reset the circuit. 


VCR VIDEO DETECTOR CONTROLLER 



This circuit uses the video output from a VCR or camera to control a relay. Video turns on Ql, 
cutting off Q2, allowing Q3 to be forward biased, activating relay Kl. You can use the timer in your 
VCR and this unit to generate long time delays as well. 
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GRID-LEAK DETECTOR 


NEGATIVE PEAK DETECTOR 



electronics now Fig. 26-6 

Tuned-circuit receiver with grid-leak detec¬ 
tion. 


NATIONAL SEMICONDUCTOR 


Fig. 26-7 







LM556 FREQUENCY DETECTOR 



ELECTRONIC DESIGN 


Fig. 26-10 


The circuit (see the figure), is built around an LM556 dual-timer IC. The 556’s first, timer is wired 
as a one-shot and is used to stretch the incoming pulses into fixed-length pulses. The second timer, 
wliich is similar to an astable multivibrator (pin 13 remains disconnected), functions as follows: 

The one-shot’s fixed-length pulses, which are output on pin 5, turn on Q1 and discharge 02 
through R5. If the frequency of the pulses is high enough, the voltage on C2 will fall below A VCC and 
the second timer’s output, pin 9, will go to a logic 1. Conversely, if the frequency is low enough or-is 
zero, the voltage on C2 will charge through R6 to a level above % VCC, and the pin 9 output will go to 
a logic “0.” 

The idea is to keep the upper and lower peak voltage on C2 below '% VCC and A VCC, respectively 
for a logic 1, and above % VCC and % VCC, respectively, for a logic 0. 

To find the one-shot values, R3 and Cl, select a pulse width (1.1 xR 3 x C)) that’s greater than 
the largest input pulse width and less than twice the inverse of the highest input frequency. To find 
R5, R6, and C2, first determine the duty cycle of the input signal. Next, choose a standard 

value for C2 and calculate R6: 

_ [(J ofr x 0.61 ) 2 + £ off ] 

iCe> — 

8 

Also, R 5 = R & (t 0I /t QfS ). A tweak of resistors R5 and R6 might be needed to get the preferred re¬ 
sponse. Input signals with low duty cycles work the best. Finally, notice that capacitors C3 and C4 
can be any value between 0.01 and 0.1 (iF. 
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Simply by adding two steering diodes, a window detector can be built using only a single com¬ 
parator. The detector performs well for windows of about 1 V or greater, but it isn’t suitable where 
extreme precision is required because the forward drops of the diodes vary. 

In the basic circuit, two resistive dividers set threshold voltage levels at both the inverting and 
noninverting inputs of the comparator by dividing the reference voltage. The input voltage is steered 
to the appropriate comparator input by diodes CR1 and CR2. 

When the input voltage is within the window, neither diode conducts, and the comparator is bi¬ 
ased for a high output. When the input goes above the window, CR2 conducts and pulls the inverting 
input high, causing the comparator output to go low. When the input voltage goes below the window, 
CR1 conducts, pulling the noninverting input low, again causing the comparator output to go low. The 
source resistance of V m must be low compared to the equivalent parallel resistance of each divider. 


5-9 Vdc 


15-kHz TONE DETECTOR 


3 v cc 8 
-77 Input Output — 

— R T GND - 


C T. 
0.01 |xF' 

Ground O- 


5 Bandwidth 2^ 
c t filter 

■ Output filter 

y. C 0 

T 2 m- F 


This circuit detects the presence of a 15-kHz 
audio signal and light the LED when it does so. 


1.1 RyCj 


ELECTRONICS NOW! 


Fig. 26-12 
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CRYSTAL RADIO DETECTOR 



ELECTRONICS NOW! Fig. 26-13 

This is a crystal detector receiver with headphones (Fig. 26-13A), audio-frequency signal (Fig. 
26-13B), modulated signal (Fig. 26-13C), and a demodulated wave (Fig. 26-130). 


SWITCH CLOSURE CIRCUIT 



ELECTRONIC DESIGN Fig. 26-14 

A standard proximity detector circuit for the Cherry Semiconductor CS209 IC can detect an iso¬ 
lated switch closure by adding a few turns of wire around the circuit’s inductor (Radio Shack 273- 
102). Moreover, the technique doesn’t require any isolated power (see the figure). With the switch 
open, the potentiometer PI is adjusted until the output switches off. When the switch is closed, the 
Q of the circuit changes and the output turns on. Capacitor Cl should be silvered mica, and poten¬ 
tiometer PI should be a multiturn type such as the Bourns 3006P-1-2.03. A 9-V supply can be used 
for Vcc. 
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+ 15V 



LOW DRIFT PEAK DETECTOR 



BY ADDING D1 AND R,.V o1 -0 DURING HOLD MODE 
LEAKAGE DF D2 PROVIDED BY FEEO0ACK PATH 
THROUGH R, 


LEAKAGE OF CIRCUIT IS ESSENTIALLY l h (LF155.LF156) 
PLUS CAPACITOR LEAKAGE OF Cp. 

DIODE D3 CLAMPS V 0UT (A1) TO V m -V D3 TO IMPROVE 
SPEED AND TO LIMIT REVERSE BIAS OF 02. 

MAXIMUM INPUT FREQUENCY SHOULD BE « V2irR,C w 
WHERE C 02 IS SHUNT CAPACITANCE OF D2. 
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455-kHz AM DETECTOR 



The.LTC1278 undersaniples the 455-kHz carrier to recover the 5-kHz modulating signal. The ap¬ 
plication shown uses the LTC1278 to undersample (at 227.5 ksps) a 455-kHz IF amplitude-modu¬ 
lated by a 5-kHz sine wave. Figures 26-19A and 26-19B show, respectively, the 455-kHz IF carrier and 
the recovered 5-kHz sine wave that results from a 12-bit L)AC reconstruction. 


ac NOISE DETECTOR 


+9V 



POPULAR ELECTRONICS Fig. 26-20 

This circuit can be added to the glitch detector to trigger on ac noise. 
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27 

Differential Amplifier Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Basic Op-Amp Differential Amplifier 
Precision High Gain Differential Amp 
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BASIC OP-AMP DIFFERENTIAL AMPLIFIER 


R2 



McGRAW-HILL 


Fig. 27-1 


In most cases, R x is equal to R v and R :i has the same value as R 4 . These equalities don’t always 
have to be true, but they do significantly simplify the circuit design in most practical applications. In 
any case, for a true differential amplifier, the R 3 :R l and R 4 R 2 ratios must be equal. That is: 

^3 = ^4 

i?i R 2 

The circuit still functions even if these ratios are not maintained, but the signals at the inverting 
and noninverting inputs are subjected to differing amounts of gain, which would be undesirable in 
most practical applications. 

R i = R 2 

R, = r 4 

These resistance ratios determine the gain of the amplifier: 

G = 5l = ^1 

R x R 2 

Assuming that the resistance ratios are maintained, the output voltage is equal to the differences 
between the two input voltages, multiplied by the gain. That is, 

^ = Gx(V^) 
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PRECISION HIGH-GAIN DIFFERENTIAL AMP 


1M 



MAXIM 

This circuit has a gain of 60 dB and a gain bandwidth of 8 MHz. 


Fig. 27-2 
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28 

Display Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Multiplexed BCD Decoder-Driver Circuit 
Color-Shifting LED Display 
Stereo Level Display 

High-Efficiency Display Contrast and Backlight Control 
Bar-Graph Level Gauge 
Simple Color Organ 
Voice Level Meter 

LCD Contrast Temperature Compensator 
LED Bargraph Driver Circuit 


188 





MULTIPLEXED BCD DECODER-DRIVER CIRCUIT 


3-DIGIT 
LED DISPLAY 



POS.IN CLK CLR GND 

ELECTRONICS NOW 


Fig. 28-1 


The BCD decoder-driver circuit will interface with any standard BCD output to produce a digital 
display. 


COLOR-SHIFTING LED DISPLAY 



This circuit is used to make a tricolor LED 
gradually change color from yellow to red to yellow 
to green, and then back to yellow, where the cycle 
repeats. It, is very simple to make, and the theory of 
operation is also simple. Both of the timers in the 
556 dual oscillator/timer are configured for astable 
operation with a 50% duty cycle. One timer is set 
to oscillate much faster than the other. The timing 
capacitor voltage of each is sent to two compara¬ 
tors, which apply a voltage across the tri-color LED 
whose polarity depends on which capacitor voltage 
isdiigher. The rapidly changing capacitor’s voltage 
causes the red and green elements of the LED to 
be alternately lit, thus giving the illusion of yellow 
light. As the slowly rising and falling voltage from 
the slower trimming capacitor changes in average 
value, it shifts the duty cycle to favor one color or 
the other. That gives the transition between colors 
a smooth appearance. 
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STEREO LEVEL DISPLAY 



90 

























HIGH-EFFICIENCY DISPLAY CONTRAST AND BACKLIGHT CONTROL 



Cl - WIMAMKP-20 

01. 02 - ZETEX ZTX849 OH ROHM 2SC5001 
II = COILTRONICS CTX110605 
L2.COILTRONICSCTX100-4 
L3 - COILTHONICS CTX02-12403 


C5 

lOOOpF 


; R2 
■220k 


€36 
;2 2 M P 
_L 35V 


Cl 

0:033 t iE 





R5 

i 

CCFL 

CCFL V SW 

16 


402k 


PGND 


VlCCfl) 


2 

'OCR 

8ULB 

OAT 

15 

0V TO 5V 

—VVV— 

3 

14 



C7 1 iiF 

IT1182 

nn n in* nrwrn 

13 


JT 

1 | 4 

5 

ULaTL. V\/ 

A/jim 

ni/icn 

VlN 

12 




Muni/ 




6 

runti 

FBP 

FBN 

11 

SHUTDOWN 


C8.luF 

| | H7^|k 7 

5HDN 

LCD VC 

_10_ 



8 

ICO 

LCD V SW 

•••■ 




PGND 



<12 
5 10 


100 ii H 


D1 

1N5813 




Rl 

75011 


IT 


C3A 

T 2 2 uF 
35V 


±D3 
▼y 1N5934A 


X 


X, 

y-T-N 2.2 mF 

-=■ 35V 


24V 

02 

1N914 




j VlN^ 

'X' 2Zuf 


V (CONTRAST, 

OV TO 5V -w- 


C cio + 


Li] 



D4 

1N914 


RM 

54.9k 

1% 


R12> 

4.99k < 


RIO 150k. 1 c c 


BAT 

SV TO 28V 


POSCON 


■ NEGCQN 


LINEAR TECHNOLOGY F, Q m 25-4 

The LT1182 and LT1183 are compact high-performance solutions for powering LCD screens 
used in portable computers and instruments. Backlight control using a Cold Cathode Fluorescent 
lamp (CCFL) is accomplished with a switching regulator at efficiencies.up to 90%. A second switch¬ 
ing regulator converts the positive input to either positive or negative bias voltages used for LCD 
contrast control. Both regulators allow full range of adjustment using a D/A converter, PWM or po¬ 
tentiometer control. Grounded bulb configurations are also easily controlled with minimal parts 
count. The 200-kHz switching frequency minimizes the size of transformers and external compo¬ 
nents. A shutdown mode powers down both regulators and reduces supply current to just 35 pA. 


BAR-GRAPH LEVEL GAUGE 


R1 R2 



MAXIM 


Fig. 28-5 


A quad comparator and divider network form a 4-level comparator that drives 4 LEDs. R1 and 
R2 can be used to scale the basic sensitivity of 250 mV/LED to higher voltages than the basic 1 volt 
(for all 4 LEDs lit). 
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SIMPLE COLOR ORGAN 


tci 

op amp 

1C2, IC3, IC4 

LM3909 LED flasher/oscillator 

Dl. D2, D3 

diode (1N914, 1N4148, or similar) 

D4, D5, D6 

LED 

T1 

impedance-matching transformer (8 0: 
see text) 

Cl, C2, C3, C4 

0.1 pF capacitor 

C5 

0.047 pF capacitor 

C6 

0.01 pF capacitor 

C7, C8, C9 

47 pF 6 V electrolytic capacitor 

R1 

100 kU potentiometer 

R2 

47 kn % W 5% resistor 

R3 

2.2 kn % W 5% resistor 

R4 

680 U '/< W 5% resistor 

R5 

220 kn '/< W 5% resistor 

R6 

390 11 '/* W 5% resistor 

R7 

1.2 kH % W 5% resistor 

R8, RIO. R12, R14, R16 

10 kH '/* W 5% resistor 

R9 

3.3 kn 'A W 5% resistor 

Rll, Rt3, R1S 

33 kH % W 5% resistor 



McGRAW-HILL 


Fig. 28-6 


Three active filters that divide the audio spectrum into three bands drive rectifiers and then 
drive IC2,3, and 4, flashing the LEDs at 6 Hz. D4, D5, and D6 should be three different colors for best 
effect. 
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VOICE LEVEL METER 



POPULAR ELECTRONICS 


Fig. 28-7 


Using an LM3915 VU meter LED bar graph driver, 10 LEDs are driven. A simple audio amplifier 
drives a detector circuit, which provides dc drive for the LM3915. 
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LCD CONTRAST TEMPERATURE COMPENSATOR 



ELECTRONIC DESIGN F, 9- 28-8 

Negative temperature-coefficient resistor R5 modifies feedback in this switching regulator, 
which results in a negative output voltage that varies with temperature. With properly chosen resis¬ 
tor values, the circuit produces a temperature-compensated bias voltage that ensures constant con¬ 
trast in an LCD. 

LED BARGRAPH DRIVER CIRCUIT 


LED1-IED10 



ELECTRONICS NOW F, 9- 28-9 

This circuit is used as an audio indicator. SI selects direct input or a 1-kQ (high impedance) au¬ 
dio input. R2 is a sensitivity control. 
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29 

Driver Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

Two-Input Video MUX Cable Driver 

Impedance-Matched Line Driver with 75-Q Load 

Tests Driver for Hobby Servos 

Stereo Line Driver 

High-Speed Shield/Line Driver 

Simple Neon Light Driver 

High-Side MOSFET Driver 

TTL-Based Speaker Driver 

Low-Distortion Composite ±100-mA Line Driver 

Video Cable Driver 

Coax Cable Driver 

Ultra Low Distortion ±50-mA Driver 

Very Efficient Solenoid Driver 
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TWO-INPUT VIDEO MUX CABLE DRIVER 



LINEAR TECHNOLOGY Fi 9 ■ 29-1 


IMPEDANCE-MATCHED LINE DRIVER WITH 75-Q LOAD 


R in R t 

499 '..' 4990 



ANALOG DIALOG Fi 9- 29-2 

This circuit is a wideband 75-£2 line driver, for video applications (1 V p-p into 75 Q). 


TESTS DRIVER FOR HOBBY SERVOS 



This circuit will generate the pulse used to 
control hobby servos. With the components shown 
the servo should produce a 90° total rotation. 


POPULAR ELECTRONICS 


Fig. 29-3 


197 







STEREO LINE DRIVER 



ANALOG DEVICES 





One Analog Devices OP-275 can be used for stereo line driver applications. 


Fig. 29-4 


HIGH-SPEED SHIELD/LINE DRIVER | SIMPLE NEON LIGHT DRIVER 


R1 

iupn 



IF 

NECESSARY 


POPULAR ELECTRONICS Fig. 29-6 



NE1, a neon lamp, is lit by this simple inverter 
circuit. T1 is a 20:1 turn ratio transformer (transis- 

national semiconductor Fig. 29-5 tor radio output, etc.). 
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HIGH-SIDE MOSFET DRIVER 




__ L _- 

i 

aL 

U2D>- 

— U4 

2 LTC1154 - 


| VCC 

!> 

4 5 

< 

>Rie 



To gates 
of Power Mosfet 


High side charge pump for 
driving power mosfets 

Extra control for input and shut 
down shown 


73 AMATEUR RADIO TODAY 


This input is pulled high to turn on Ql 
Q1 then pulls pin two low. turning on 
the charge pump 


Fig. 29-7 


A Linear Technology LTC1154 is used as a charge pump to drive the gate of a high-side power 
MOSFET. 


TTL-BASED SPEAKER DRIVER 


T0 T « 
OUTPUT 


Ul-d 

1/6 7404 


10 


POPULAR ELECTRONICS 


Fig. 29-8 


A TTL IC, such as a 7404, can drive a small speaker with enough audio to be used as an alarm or 
annunciator. The speaker can be a 32- or 100-0 unit. 
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LOW-DISTORTION COMPOSITE ± 100-mA LINE DRIVER 


.V = .12 TO .17V 



ANALOG DEVICES Fig. 29-9 

This line driver combines the high input, impedance of an FBT-input IC and a 100-mA op amp. 
Ul’s output is left open. The compensation terminal (pins) drive U2’s high-Z input for increased 
overall phase margin. Gain is 14 dB, THD n/Val 5 V, and RMS output is around 0.001% below 20 kHz. 


VIDEO CABLE DRIVER 



ELECTRONIC DESIGN Fig. 29-10 

The driver’s frequency response is tunable for a specific cable length via components connected 
to the summing node. By shunting Rl, R v acts to increase the amplifier’s gain, and C c controls the cut- 
in frequency of the compensation. 

These three components peak the amplifier’s frequency response to counteract the cable’s roll¬ 
off characteristic. By squeezing more bandwidth out of a given cable, higher-performance cables 
aren’t needed. 
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COAX CABLE DRIVER 


v' 



•For LH0002. R L im = 100ft, 1W 
LH0033. R UM ~ 100ft. 1W 
LH0063. R L im " 60«. 5W 
••Jumper (or LH0033 and LH0063 only 


NATIONAL SEMICONDUCTOR 


Fig. 29-11 


Because of their high-current, drive capability, the LH0002, LH0033, and LH0063 buffer ampli¬ 
fiers are suitable for driving terminated or unterminated coaxial cables, and high-current or reactive 
loads. Current-limiting resistors should be used to protect the device from excessive peak load cur¬ 
rents or accidental short circuit. No current limiting is built into the devices other than that imposed 
by the limited beta of the output transistors. This figure shows a coaxial-cable drive circuit. The 43- 
Q. resistor is included, the output voltage to the load is about half what it would be without the near¬ 
end termination. 


ULTRA LOW DISTORTION ±50-mA DRIVER 


R2 

1000 


R1 

9090 



ANALOG DEVICES Fi 9- 29-12 

For a 600-ft load, THI) is typically -115 dB at 20 kHz, 3-V RMS output, with ±15-V supplies. The 
-3-dB BW is 6 MHz. 
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In the circuit shown, the IC in the center, Ul, contains a microprocessor-compatible serial-in, 
parallel-out sliift register, with strobed latch and liigh-ievel solenoid drives (see the figure). 

The strobe pulse turns on the selected loads at full power for its pulse width, which is 0.5 sec¬ 
ond. Following the strobe pulse, the driver outputs are pulse-width modulated by the multivibrator, 
which is set for a duty cycle of 25%. The solenoids are therefore held in the engaged position with a 
voltage that’s 25% of the nominal supply voltage. 

U2B acts as the basic multivibrator in the circuit, and U2A sets the duty cycle by setting the dis¬ 
charge current of capacitor Cl. U2D overrides the oscillation during the strobe pulse. And U2C pro¬ 
vides the Power-On Reset (POR), inhibiting the solenoid loads from turning on during the initialization 
period of the microprocessor, 
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30 

Electronic Lock Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Lock 
Frequency-Based Lock 
Simple Lock 
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ELECTRONIC LOCK 


+6-15V 



POPULAR ELECTRONICS Fig. 30-1 

The heart of the circuit is a 4022 octal counter. When first powered up, C2 is charged via R5, so 
the reset input of the counter is kept high. That causes output Q o to go high while all other outputs 
are low. With the switches wired as shown, when S4 is pressed, the BS170 is switched on via de¬ 
bouncing network R2/C1, and U1 receives a clock pulse. Also, C2 is discharged via R4 and Dl, re¬ 
moving the reset signal of the counter, allowing it to advance. The time required l'or C2 to charge via 
R5 (i.e., to reset the counter), is the maximum time that can lapse before the next key is pressed. 
The above cycle is therefore repeated only if S8 (connected to the Q1 output) is pressed in time. 
When all keys have been pressed in time and in the correct order, Q7 goes high for about four sec¬ 
onds to drive the “unlock” circuitry (e.g., a relay driver for an automatic door opener. A builder can 
change the code by reviewing the switches. The code for the lock shown in the circuit diagram is 4- 
8-0-1-5-7-0. However, the 4022 octal counter can be replaced by a 4017 divide-by-10 counter. That 
will make it possible to add two more digits to the combination. 
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FREQUENCY-BASED LOCK 



POPULAR ELECTRONICS Fig. 30-2 

The system is formed by two separate circuits—a key and a keyhole. The key engages the key¬ 
hole with a mating pair of connectors. The key is a tone-generator circuit consisting of a 4049 hex in¬ 
verter CMOS IC (IJ1), switches (SI and S2), a resistor (Rl), and a capacitor (Cl). The value of the 
tone generated by that circuit in Hz is determined by; 

1 

(1.4 x/?jCj) 

The keyhole is a 567 tone-decoder circuit that can be configured to detect any frequency from 
0.01 Hz to 500 kHz. The frequency it detects (/ 0 ), via the 567 IC, turns on the relay (Kl). Compo¬ 
nents R3 and D1 are used to latch the circuit, so the output stays on even after the input tone is re¬ 
moved. When S2 is pressed, the system is reset. Switch S3 resets the circuit from inside. 


SIMPLE LOCK 



POPULAR ELECTRONICS Fig. 30-3 

Only an appropriately wired plug of the right size will activate circuits with a nonshorting jack in 
their power supply circuit. 
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Fiber-Optics Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number iri the box of each circuit correlates to the entry in the Sources section. 

Experimental Data Transmitter for Fiber Optics 
Experimental Fiber-Optic Data Receiver 


206 




EXPERIMENTAL DATA TRANSMITTER FOR FIBER OPTICS 


+5Vdc 



mcGraw-hill Fig. 31-1 

This schematic for an experimental data transmitter uses optical fibers and a laser diode. Trans¬ 
mission frequency of the free-running oscillator is approximately 3 kHz. R5 might have to be varied 
to suit your laser diode. IC1 is a CD4093. 


EXPERIMENTAL FIBER-OPTIC DATA RECEIVER 


+5Vdc 



McGRAW-HILL Fig. 31-2 

An infrared phototransistor acts as the sensor for this receiver. ICla is a section of a CD4093 
CMOS NAND gate. 
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Filter Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


State Variable Filter 
Sallen-Key High-Pass Filter 
Active Bandpass Filter Circuit 
High-Pass Filter 

Second-Order Voltage-Controlled Filter 

Combination Filter 

Shortwave Receiver IF Filter 

Pin Diode Filter Selection Circuit 

High-Pass Active Filter 

AM Broadcast Trap for Simple SW Receivers 

Shortwave Interference Trap 

Programmable Analog Filter 

Active Low-Pass Filter 

Two Op-Amp Bandpass Filter 


Single 3.3-V Supply 4-Pole State Variable Filter 

High-Q Notch Filter 

Adjustable Q Notch Filter 

Digital Comb Filter 

Voltage-Controlled Low-Pass Filter 

VSB Filter for LM2889 

20-kHz Butterworth Active Filter 

Bandpass Filter 

Sallen-Key Low-Pass Filter 

Active High-Pass Filter 

RC Notch Filter 

1-kHz 4th-Order Butterworth Filter 
Saw-Filter Impedance-Matching Preamplifier 
One Op-Amp Bandpass Filter 
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STATE VARIABLE FILTER 


R 



ELECTRONIC DESIGN Fig. 32-1 

The state variable filter shown consists of only three op amps and a few passive components. It 
provides several key features. These include the ability to simultaneously provide low-pass, high- 
pass, and bandpass filter functions, and adjust bandwidth in a wide range by changing the values of 
C ( and R { . The device also is easy to tune and simple to construct, while the quality factor (Q) of each 
filter is independent of each other. 

SALLEN-KEY HIGH-PASS FILTER 


R1 



McGRAW-hill Fig. 32-2 

R3 and R4 set the circuit gain 



usually C l = C 2 , R l = R 2 


R. 6 = 0.586 R 4 
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ACTIVE BANDPASS FILTER CIRCUIT 


Cl 



mcGraw-hill Fig. 32-3 

In this circuit, 


C x = C 2 = c 


Q = K - circuit gain , / 0 = center frequency 

p Q 
1 2nf 0 CK 


R 2 = 


2 Q 


2 nf t) C 




Q 

2nf a C(2Q -K) 


HIGH-PASS FILTER 


lOOOpF 820pF 1500pF 


HH 

Ht — 

H( —° 

TO 50-OHM 


TO RECEIVER 

ANTENNA 



6800pF“ 

5 9 

s 2200pF 

3.4nH \ 

C 

3 c 

3 c 

j c 

1 4.8jiH 

29 TURNS 30AWG 

E -— t — 1 

35 TURNS 30 AWG 

ON T-37-2 CORE 

-L 

ON T-37-2 CORE 


RADIO-ELECTRONICS Fig. 32-4 

This high-pass filter will attenuate.AM stations by 40 dB. Its low-frequency cutoff is about 2.2 
MHz. This filter is useful.for SW listening in areas of high AM radio signal strength. 
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SECOND-ORDER VOLTAGE-CONTROLLED FILTER 


Ec ° 
(0 to 10 V) 


1 

XI Vp 

14 

2 

X2 

13 

3 

111 » 

12 

4 

AD734 Z1 

11 

5 

Z2 

10 

6 

Y1 

9 

7 

Y2 V N 

8 


Ri“ ~T330pF~ 


Design equations forsecond-order lowpass 
filter 

Vout(s) <*>n 

V in (8) ' s 2 + ^. s+(1) 2 

where “» = (-|-) (^j 

and 

V T 1 

Tj =R|C] 

t, = r,c 2 


1 

XI Vp 

14 

2 

X2 

13 

3 

U2 w 

12 

4 

AD734 21 

11 

5 

Z2 

10 

6 

Y1 

9 

7 

Y2 V N 

6 


562 


H ^ 

33Q pF -±r 


F or the above second-order Bessel low-pass filter: 

f n (max) = -J2agHl=495 kHz @E,, = 10V 


0.1 nF 1 ~^= r 


Compensation network if Tj or T? < 200 ns 
^ T l0 rT 2 ^ (Ra + «b)C 


C b 16.5 ns — R|)Cjj 
*• 17.7 ns -R,C a 

:«b 


ELECTRONIC DESIGN Fig. 32-5 

Desirable second-order voltage-controlled low-pass filter response can be achieved with this 
voltage-controlled filter (A). By using low-distortion, wide-bandwidth multipliers, it achieves higher 
cutoff frequencies than switched-capacitor filters. If the circuit’s RC network has a time constant less 
than 200 ns, it should be replaced by a lag compensator network (B). 
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COMBINATION FILTER 



ELECTRONIC DESIGN Fig. 32-6 

The classic “state variable” two-integrator filter is known for its insensitivity to component varia¬ 
tions, and its ability to provide three separate simultaneous outputs—low pass, high pass, and bandpass. 

Typically, a quad op amp is used to implement the state-variable filter. The classic configuration 
uses two integrating amplifiers, a filter input amplifier, and a filter feedback amplifier. 

The design described here combines both input and feedback amplifiers into one adder/subtrac¬ 
tor amplifier, achieving a three op-amp filter design (see the figure). 


SHORTWAVE RECEIVER IF FILTER 

Cl C5 

33 pF XI X2 X3 X4 33 pF 



3-MHz IF filter 
BW = 700 Hz 
IL - 4 dB 

XI through X4 3.000 MHz ±50 Hz 
C x = Cl through C5 33 pF ±5% NPO 

william sheets Fig. 32-7 

An inexpensive filter can be made from microprocessor crystals. This filter has 700 Hz BW (3 
dB) and has a flat response (<1 dB) for about 400 to 500 Hz. Although a 3-MHz crystal was used, any 
frequency from 2 to 15 MHz (using fundamental crystal) should work, with appropriate scaling of 
components. Crystal resonant frequencies should match within 20% and preferably 10% of expected 
bandwidth (which is narrower- as C x increases. Impedance is reduced with wider bandwidlhs. 
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PIN DIODE FILTER SELECTION CIRCUIT 


D1 D2 C7 


RIO* D9 


C6 D4 D5 



' ] " \ NO.1 | j 



$R2 

R5<^ 


JjRI 



R6 

« 1 —M— 

X 

k-w- f - : -AW —* 

M " 


R13 > *—M*W 

47012 > D3 R3 


R4 D6 -dsr 


D7 D8 C2 


C3 DIO Dll 

. W- - W — 41 

R8^ 3ED12 ifR7 


R1-R12 ARE 2.2K UNITS 
C1-C8 ARE .01 UNITS 


POPULAR ELECTRONICS 


Fig. 32-8 


Selecting IF bandpass filters via series/shurit PIN-diode switching can be accomplished with this 
circuit. 


HIGH-PASS ACTIVE FILTER 


Ml 
1 I OK 



■Values are tor 100 Hz cutoff Uae 
metalized polycarbonate capacitors 
for good temperature stability 


NATIONAL SEMICONDUCTOR Fig. 32-9 
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AM BROADCAST TRAP FOR SIMPLE SW RECEIVERS 



0.005 fiF 

25 turns 
#30 enameled wire 
wound on 
T-50-2 form 



MCGRAW-HILL Fig. 32-10 
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PROGRAMMABLE ANALOG FILTER 

^ OHM X 


1 inac\i hvjMKT 

i 7 fn*rV r\ 

f 7541* ‘ 

, (tsy-; 

i < 

>Rn \uy 


13k — 


In R G I 
o—VW-± 
49.9 k 12 


-AW-u 

8 

7 14 ' 

AW* 



_ w 50k 


10k 

UAF 42 

50 k 

II C1 

1000pF 




- mo 

J ^ 


All! 


>\PF 

- -N. 


^ amp 



r +/* 


C\aut 





- + ^ >— 

Hk 

•-AAAr"- 

sot 




a 

r mr 

11 

4 



-V +¥ 



— 


Higti-pass out Bandpass out Low-pass out Notch out 

ELECTRONIC DESIGN Fig. 32-12 

The circuit in the figure shows how an analog, digitally programmable filter can be built using a 
UAF42. This monolithic, state-variable active filter chip provides a two-pole filter building block with 
low sensitivity to external component variations. It eliminates aliasing errors and clock feed though 
noise common to switched-capacitor filters. Low-pass, high-pass, bandpass, and notch (band-reject) 
outputs are available, 


ACTIVE LOW-PASS FILTER 


McGRAW-HILL 



Cl 


R1 

R3 



O-1 


IC1 


m 

r. 

, H 


r" 


In this circuit, = 2 

*2= *4 

R- = l ZR, 
C l = C 2 


2kRC 


This circuit has a rolloff of 6 dB/Octave. 


Fig. 32-13 
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TWO OP-AMP BANDPASS FILTER 


C1 

0.1 nF 



NATIONAL SEMICONDUCTOR Fig. 32-14 

Tliis circuit uses only two capacitors. The amplifier on the right supplies a controlled amount .of 
positive feedback for improved response characteristics. Resistors R5 and R8 are used to bias the 
outvoltage of the amplifiers at V+/2. 



SINGLE 3.3-V SUPPLY 4-POLE STATE VARIABLE FILTER 



LINEAR TECHNOLOGY 


Fig. 32-15 
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HIGH-Q NOTCH FILTER 




FREQUENCY (Hz) 


Response of High and Low Q Notch Filter 


NATIONAL SEMICONDUCTOR Fig. 32-16 

This shows a twin “T” network connected to an LM102 to form a.high Q, 60-Hz notch filter. The 
junction of R3 and C3, which is normally connected to ground, is bootstrapped to the output of the 
follower. Because the output of the follower is a very low impedance, neither the depth nor the fre¬ 
quency of the notch change; however, the Q is raised in proportion to the amount of signal fed back 
to R3 and C3. 


ADJUSTABLE-Q NOTCH FILTER 



NATIONAL SEMICONDUCTOR Fig. 32-17 

This figure shows a circuit where the Q can be varied from 0.3 to 50. A fraction of the output is 
fed back to R3 and C3 by a second voltage follower, and the notch Q is dependent on the amount of 
signal fed back. A second follower is necessary to drive the twin “T” from a low-resistance source so 
that themotch frequency and depth will not change with the potentiometer setting. 
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DIGITAL COMB FILTER 



This circuit uses an eight-step switching sequence, so n=8. 
This makes the center frequency equal to: 

F = —-— 
c [2nRC] 

1 

(2 x 8)/?C 
1 

16 RC 

Using the component values suggested in the parts list, the 
circuit has a main center frequency of: 

p _ -- — - 1 - -- 

c (16x 1000x0.00000001) 

1 

0.00016 
= 6250 Hz 



Suggested parts list 
for the digital comb filter 

IC1 

CD4040 BCD-ripple counter 

IC2 

CD4051 BCD-to-decimal decoder 
(SP8T rotary bilateral switch) 

C1-C8 

0.01 pF close tolerance capacitor 

C9, CIO 

0.1 pF capacitor 

R1 

1K V. W 5% resistor 


McGRAW-HILL 


Fig. 32-18 
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VOLTAGE-CONTROLLED LOW-PASS FILTER 



ANALOG DEVICES F, 9' 32-19 

The voltage at Output A, which should be unloaded by a follower, responds as though £ s were di¬ 
rected to the RC filter, but the filter’s break frequency were proportional to E c [i.e,. = E c /(2QnRC)}. 
The frequency response has a break at f 2 and the 6-dB/octave rolloff. The voltage at Output B has the 
same response, up to [J\ (J { = l/(27tftC)], then levels off at a constant attenuation of/ 2 If , = EJ 10. 
For example, if R = 8 kQ, C = 0.002 pF, Output A has a pole at 100 Hz to 10 kHz and can be loaded. 
The circuit can be converted to high-pass by interchanging C and R. 


VSB FILTER FOR LM2889 



NATIONAL SEMICONDUCTOR F, 9- 32-20 

This filter is for CH3, in order to get a vestigial sideband TV signal. It is designed for 75-£2 im¬ 
pedance levels. 
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20-kHz BUTTERWORTH ACTIVE FILTER 


C2 


0 0078nF 



LINEAR TECHNOLOGY 
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hi 

mi 

iiiiii 

iiiiii 

iiiiii 

iiiiii 

111:111 


FREQUENCY (Hz) 

ON&4«*05 

Filter Frequency Response 

Fig. 32-21 


This filter will be useful for anti-aliasing or band limiting in an audio system. The op amp is a Lin¬ 
ear Teelmology, LT1124, LT1355, or LT1169. 


BANDPASS FILTER 



NATIONAL SEMICONDUCTOR 


Fig. 32-22 
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SALLEN-KEY LOW-PASS FILTER 



McGRAW-HILL Fig. 32-23 

ACTIVE HIGH-PASS FILTER 


< ; 



McGRAW-HILL Fig. 32-24 


RC NOTCH FILTER 


Input P- 1 Output 



Reject frequency (notch), F - - 

2nCV3K 2! fl 2b 

McGRAW-HILL Fig. 32-25 
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LINEAR TECHNOLOGY Fig. 32-26 

The filter is a simplified state variable architecture consisting of two cascaded 2nd-order sec¬ 
tions. Each section uses the 360° phase shift around the two op-amp loop to create a negative sum¬ 
ming junction at Al’s positive input. The circuit has low sensitivities for center frequency and Q, 
which are set with the following equations: 


orO 2 = 


_ 1 _ 

(/e, x c\ x r 2 x c 2 ) 


where, 


R1 (toO xQxC.) and (coO x C,) 


The dc bias applied to A2 and A4, half supply, is not needed when split supplies are available. 
The circuit swings rail-to-rail in the passband making it an excellent anti-aliasing filter for A/Ds. The 
amplitude response is flat to 1 kHz then rolls off at 80 dB/decade. 


SAW-FILTER IMPEDANCE-MATCHING 
PREAMPLIFIER 



This circuit matches a saw filter to an IF am¬ 
plifier. 

NATIONAL SEMICONDUCTOR Fig. 32-27 


ONE OP-AMP BANDPASS FILTER 


Cl 

blOpF 



*V« tF (V*! 


NATIONAL SEMICONDUCTOR Fig. 32-28 
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Flasher Circuits and Blinker 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Random LED Strobe 

Flashing Neon Christmas Lights 

Flashing Christmas LED Display 

Dual Flasher Add-On for 555 Circuits 

Variable-Frequency High-Power LED Flasher 

LED Pulser 

LED Pulser with Audible Output. 

Simple Lamp Pulser 
LED Flasher 
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RANDOM LED STROBE 



POPULAR ELECTRONICS Fig . 33-1 

This circuit generates a random output that is translated into LED “movement” by a prepro¬ 
grammed P1C16C55 microcontroller, Ul. That PIC also senses and records the bias of the LED’s 
movement. This device was originally used for an application involving psychokinesis testing where 
the person was asked to “think” the lights in either a clockwise or counterclockwise direction. 
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FLASHING NEON CHRISTMAS LIGHTS 


FLASHING CHRISTMAS LED DISPLAY 



This flashing set of neon Christmas lights will pQpuLAR ELECTR0NICS Fig . 33-3 

make an attractive decoration for any time of 

year. B1 is made up of ten 9-V transistor radio Using LEDs and 3909 ICs, you can make‘a 
batteries in series. The battery life can be mea- flashing-light, circuit that will run for months on 
sured in months. two AA batteries. 


DUAL FLASHER ADD-ON FOR 555 CIRCUITS 



A pair of hex FETs drive two incandescent 
lamps in an alternating flasher circuit. The lamps 
can be 12-V automotive types, etc. 


FOPULAR ELECTRONICS 


Fig. 33-4 










VARIABLE-FREQUENCY HIGH-POWER LED FLASHER 

+ 3 V 



!C1 LM3909 LED flasher/oscillator 1C 

Q1 NPN transistor (2N3904, Radio Shack RS2009 or similar) 

D1 LED 

Cl 100 p.F 5 V electrolytic capacitor 
R1 470 n % W 5% resistor 

R2 50 kft potentiometer 


McGRAW-hill Fig. 33-5 


LED PULSER 



SEE 

TEXT 


popular electronics Fig. 33-6 

In this circuit, the LM3909 is used to drive a 
pair of series-connected LEDs. 


LED PULSER WITH AUDIBLE OUTPUT 



SEE 

TEXT 

POPULAR ELECTRONICS Fig. 33-7 

The LM3090 can also be used to drive both 
an LED and a speaker. In this circuit, each time 
that LED1 blinks, SPKR1 (an 8-L> speaker) emits 
a sharp click sound. 
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SIMPLE LAMP PULSER 



POPULAR ELECTRONICS F '9‘ 33 ~ 3 

Here, the LM3090 (configured as a timing oscillator) is used to control a 117-Vac lamp through 
an MOC3010 optoisolator/coupler. 


LED FLASHER 



C2*' * SEE TEXT 

47-220* “C1-.01.I-1H*; 

6WVDC Cl - .001,1- 10Hz 


POPULAR ELECTRONICS Fi 9- 33 ~ 3 

This circuit provides a low-cost way to flash an LED from a single 1.5-V source. Based on the 
ICL7660 dc-to-dc voltage converter, the circuit makes use of an external capacitance (Cl) on the os¬ 
cillator rate-control pin to decrease the charge/dump time to the desired flash rate. A dc resistance 
(Rl) on the same pin can also be used to disable the oscillator and extend the power-cell’s life. That 
optional dc resistance (in the form of a photoconductive cell) will shut off the oscillator in daylight. 
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Flip-Flop Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Trigger Flip Flop 
Two-Amplifier Flip Flop 
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TRIGGER FLIP FLOP 


v + 



NATIONAL SEMICONDUCTOR Fig. 34-1 


Trigger flip flops are useful to divide an input frequency as each input pulse will cause the out¬ 
put of a trigger flip flop to change state. Due to the absence of a clocking signal input, this is for an 
asynchronous logic application. A circuit that uses only one amplifier is shown. Steering of the dif¬ 
ferentiated positive input trigger is provided by diode CR2. For a low-output voltage state, CR2 
shunts the trigger away from the (-) input and resistor R3 couples this positive input trigger to the 
(+) input terminal. This causes the output to switch high. The high-voltage output state now keeps 
CR2 off and the smaller value of (R 5 + i? 6 ) compared with R3 causes a larger positive input trigger to 
be coupled to the (-) input, which causes the output to switch to the low-voltage state. 
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TWO-AMPLIFIER FLIP FLOP 


0.001/iF 0.001 jxF 



NATIONAL SEMICONDUCTOR 


Fig. 34-2 
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Frequency-to-Voltage Converter 

Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Industrial Frequency-to-Voltage Converter 
Frequency-to-Voltage Converter 
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INDUSTRIAL FREQUENCY-TO-VOLTAGE CONVERTER 



ELECTRONIC DESIGN Fig. 35-1 

Control and process equipment often require the indication of frequency (speed or rate) of lin¬ 
ear or rotary mechanical movement. Motion can be detected using various pulse-generating pickups 
and proximity detectors that output ac or dc pulsed signals. 

This industrial converter can serve in a wide variety of applications. The circuit operates around 
a quad-FET input op amp and is designed to be self-contained or run from a bipolar supply. The in¬ 
put signal of dc pulses or ac waveforms is applied to R2. 

Amplifier 1, which acts as a Schmitt trigger, supplies a squarewave output of fixed amplitude to 
C.4. Resistor R3 and capacitor 06 filter out input noise, and R4 and R5 determine the switching lev¬ 
els, and Zener diode Z3 sets the amplitude. 

Amplifier 2 gives a fixed-duration pulse on the positive transition of C4, with a time constant set 
by C4 and R6 and the switching level set by R7 and R8. Resistor R9..and Zener diode Z2 fix the am¬ 
plitude of the pulses and amplifier 3 integrates them via RIO and C5. Diode D6 blocks negative inte¬ 
gration and R11 discharges C5 with a long-time constant. 

Hence, the dc output of amplifier 3 is proportional to the frequency applied to the input. Amplifier 
4 inverts and buffers the negative output of amplifier 3 and provides amplitude adjustment voltage. 

The complete circuit is linear and sufficiently accurate providing that C4 is chosen to give a pulse 
duration less than the maximum input frequency and that R11 > RIO. 
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FREQUENCY-TO-VOLTAGE CONVERTER 



ANALOG DEVICES F/g. 35-2 

The AD537 can also be used to perform frequency-to-voltage conversion. The transistor pair shown 
here operates as an exclusive-or gate to perform the phase comparison. It locks onto the input fre¬ 
quency within two cycles. The configuration requires only 3 mA for frequencies up to 10 kHz. In most 
situations, an output buffer will be.required to unload the filter. Use 0- to 5-V pulses or square waves 
with 40-ps minimum pulsewidth. 


233 





36 

Function Generator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Function Generator 
Sweep/Function Generator 
Simple Function Generator 
Accurate, Stable Function Generator 
Wide-Range Function Generator 
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FUNCTION GENERATOR 



THE COUNTER MODULE (MODI) has a 0.35-inch high, six-digit liquid crystal 
display. Pulses at 1-second intervals are derived from the AC power line which has a 
typical accuracy of 99.99 %. 

ELECTRONICS NOW Fig. 36‘1 

These three circuits make up an audio frequency function generator and can be individually 
used for custom applications. 
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FUNCTION GENERATOR ( Cont .) 
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A DUAL CMOS TIMER’S (IC5) output triggers another timer's input. Once Q2 
starts IC5-a on initial power-up, the circuit continues to oscillate. 






1MEG 
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AN XR 2206 FUNCTION-GENERATOR CHIP provides a triangle output at pin 2 
when SI-a is open. 






SWEEP/FUNCTION GENERATOR 
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SWEEP/FUNCTION GENERATOR ( Cont.) 


TABLE 1 

FUNCTION GENERATORJJHARACTERISTICS 


Waveform 

output 

Maximum 

P-to-P 

Frequency 

Conditions 

Sine (1) 

5V 

10 Hz-100 kHz 

1 V@800 kHz 

Triangle (1) 

8 V 

10 Hz- 50 kHz 

1 V>500 kHz 

Square (2) 

5 V 


Positive output DC-coupled, 




ground ref: rise/tall >50 ns 

Ramp (3) 



Descending. 6 rates 

(1) Output level variable trim mm. to 

max. 


(2) Output level not adjustable. 



(3) X and Y amplitude internally adjustable. 



TABLE 2 

SWEEP RANGES OF THE FUNCTION GENERATOR 


Switch 

Condition 

Frequency range 

1 

Preset 

20Hz to>2kHz 

2 

Preset 

<400Hz to >10kHz 

3 

Preset 

<1 kHz to >25kHz 

4 

Preset 

5kHz to >100kHz 

5* 

Resistance tuned 

2kHz to 100kHz 


Resistance & VCO tuned 

<10Hz to >100kHz 

6* 

Resistance tuned 

<40kHzto >800kHz 


Resistance & VCO tuned 

< 100Hz to >800kHz 

* Ranges show for positions 5 and 6 represent the total tuning range of the function generator 

and do not imply one continuous sweep. 



Both TC2 and IC4 are Exar XR2206 monolithic function generators; 1C4 functions as a ramp gen¬ 
erator, and IC2 functions as a generator of sine, triangular, and square waveforms. Dual operational 
amplifier IC1 produces a scaled, level-shifted ramp output that is capable of deflecting art oscillo¬ 
scope’s horizontal sweep. 

Any frequency of interest along the horizontal axis of an oscilloscope that is coupled to this func¬ 
tion generator can be measured with an external frequency counter by manually tuning the function 
generator’s VCO instead of sweeping it. The performance characteristics of the sweep/function gen¬ 
erator are summarized in the Table. 

The generator’s sweep rate and frequency can be set by front-panel rotary six-position switches, 
Sweep Rate Switch S5 and Frequency Switch S2. The VCO control R30 manually tunes the VCO. 
Table 2 lists the sweep ranges of the function generator. Sweep ranges not covered in ranges 1 to 4 
can be set up as required on positions 5 and 6. Selecting the VCO setting on the front panel toggle 
switch S4 permits tuning any fixed frequency within the total frequency range of the instrument with 
both frequency switch S2 and VCO control R30. 

The sweep rate or duration of the sweep ramp is selected by the rotary six-position Sweep Rate 
Switch S5. Table 3 lists the sweep rate durations for each of the six positions. Longer periods should 
be used for lower frequency sweeps. 
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SWEEP/FUNCTION GENERATOR ( Cont.) 


TABLE 3 

SWEEP RATE OR DURATION 


Sweep 

position 

Period 

(milliseconds) 

1 

-130 

2 

- 60 

3 

- 30 

4 

- 15 

5 

- 6 

6 

- 3 


SIMPLE FUNCTION GENERATOR 


SQUAREWAVE OUTPUT 



POPULAR ELECTRONICS 


Fig. 36-3 








ACCURATE, STABLE FUNCTION GENERATOR 



ELECTRONIC DESIGN Fig. 36-4 

Supply-limited oscillators usually are sensitive to temperature and power-supply changes, are 
never symmetrical, and don’t operate at high frequencies because the amplifier’s output is saturated 
when it reaches the supply lines. 

The circuit shown, a function generator, can alleviate these problems. Its square-wave output 
boasts a rapid rise time, quick settling time, and an amplitude that’s temperature insensitive. Also, its 
triangular output waveform features a perfectly constant rate of change throughout its range. 

Amplifier A1 together with A2 generates a stable +10 V. Ttiis signal, which is integrated using A3, 
C2, and R2, makes a negative-going ramp. When the peak output of A3 equals -10 V, the output of A1 
and A2 change state and the A3’s output ramps up. When A3’s output equals +10 V, the outputs of A1 
and A2 change state again and new cycle starts. 
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WIDE-RANGE FUNCTION GENERATOR 
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The sine, square, triangle function generator is exceptionally useful. Various IC circuits have been published for generating 
square and triangle waveforms in an attempt to duplicate the general-purpose function generator. However, these simple circuits 
are usually limited to about 10 kHz and have no sine-wave output. The function generator shown here provides all three wave¬ 
forms and operates from below 10 Hz to 1 MHz with usable output to about 2 MHz. 
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Game Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Electronic Craps Game 
21 Game 

First-Response Monitor I 
Z-Dice Game 

Three-Input First-Response Monitor 
Electronic Coin Toss 
Electronic One-Arm Bandit 
Digital “First-to-Respond” Box 
First-Response Monitor II 
Analog First-Response Monitor 
Wheel of Fortune 
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ELECTRONIC CRAPS GAME 



POPULAR ELECTRONICS 


Fig. 37-1 


Two gates of a 4093 quad, 2-input NAND, Schmitt-trigger CMOS IC are connected in astable-os- 
cillator circuits as docks. The two 4017 ICs have six LEDs connected to its first six outputs. As the 
dock pulses enter pin 14 of the 4017s, the ICs count from one to six over and over as long as the clock 
pulses are present. When SI and/or S2 are released, one of the LEDs in each circuit will remain on, 
indicating a number from one to six. 

The circuit is set up so that you can roll the dice together by pressing SI and S2 at the same time, 
or roll each die one at a time. 
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21 GAME 


CEDI-LE09 



S3 


POPULAR ELECTRONICS Fig. 37-2 

Two 2N2647 unijunction transistors serve as the clock generators for the two 4017ICs. A single 
“deal” push-button switch, SI, operates both clock generators at the same time. Diodes D1 and D2 
isolate the two clock circuits, allowing SI to operate both. 

The 4017 counter/readout circuits are identical in circuitry and operation. As long as clock 
pulses enter pin 14 of each 4017, the ICs count from 1 to 10 over and over until the clock pulses stop. 
When SI is released, the clock pulses stop and one LED from each IC remains on to indicate a card 
with a number value of 1 (1 or 11) to 10. 

The position of switches S2 and S3 determines whether the number 1 (“Ace”) output of the 
4017s count as an 11 or a 1. Both S2 and S3 can be switched in either position before or after the 
cards are played. 

The cards can be played either face up or face down. When switches S4 and S5 are in the posi¬ 
tion shown in the figure, the cards are dealt face down. Transistors Q3 and Q4 are turned off in this 
position and no current can flow through the LEDs. Pressing S6 turns both transistors oil, lighting 
the LEDs. 
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Z-DICE GAME 
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SEE TEXT LEDI-LED35 
































RC6 
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ELECTRONIC COIN TOSS 



POPULAR ELECTRONICS 


Fig. 37-6 


Integrated circuit U1 is connected in a two-stage counter circuit that counts “one-two” over and 
over as long as clock pulses enter pin 14 of the 4017. When the clock pulses stop, one of the LEDs 
will remain on, indicating the last even or odd count. Designate one LED as “heads” and the other as 
“tails” and you have an electronic coin flipper. 
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ELECTRONIC ONE-ARM BANDIT 



POPULAR ELECTRONICS Fig. 37-7 

The one-ami bandit circuit is made up of three clock circuits and three counter/readout circuits. 
A single roll switch, SI, turns on all three clocks at the same time. When SI is closed, capacitors C4, 
05, and C6 are charged through D31, D32, and D33 to about 8 V. After SI is released, the three clocks 
run, taking energy from the three charged capacitors. As the capacitors discharge, the three clocks 
begin to slow down, producing the effect of the drums in a mechanical bandit slowing to a stop. 

The 4017’s 10-output LEDs can be numbered or designated as apples, cherries, bells, wild cards, 
or anything you like to make the game more interesting. Additional logic circuitry can be added to 
the 4017 outputs to sound an alert or turn on a light when any three numbers or output items match. 

Three potentiometers, R12, R13, and R14, can be varied for each roll to change the clock’s fre¬ 
quency and the roll rate. 
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DIGITAL “FIRST-TO-RESPOND” BOX 
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POPULAR ELECTRONICS pjg 37.3 

This device is useful for quizzes and games to determine first response. U1 is an octal D type latch IC, an 74LS373. 

When a button is pushed, this circuit lights the corresponding LED. Q1 conducts, sounding an alarm (BZ1) connected to driver 
Q3, and Q1 supplies bias to Q2, disabling the rest of the latches in U1. 







FIRST-RESPONSE MONITOR II 



POPULAR ELECTRONICS 


Two interlocking flip flops are used to detect the first of two inputs. SI and S2 are input devices, 
but a logical-level signal can be substituted. 



ANALOG FIRST-RESPONSE MONITOR 



POPULAR ELECTRONICS pjg 37.70 

The analog first-response monitor is built around a pair of cross-coupled SCRs, each of which re¬ 
ceives its gate trigger current from the anode of the other SCR. 
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WHEEL OF FORTUNE 


Cl ,C3 .10 pF Capacitor 

C2 . 1 pF Capacitor 

C4 . 47 pF Capacitor 

IC1.MC14017BCP 

L1-L10.Jumbo Red LEDs 

Q1,Q3,Q4 .. 2N3904 Transistor 

Q2 . MU10UJT Transistor 

R1.R5 .33K Resistor 

R2 . 2.2 Meg Resistor 

R3 .82K Resistor 

R4 .47K Resistor 

R6 . 2.2K Resistor 

R7 . 390 ohm Resistor 

R8 .100 ohm Resistor 

R9 . 680 ohm Resistor 

Si . Pushbutton Switch 

POPULAR ELECTRONICS Fig. 37-11 


The oscillation of Q2 is amplified by Q3 and fed to Johnson counter IC1 . The output of IC1 drives 
the LEDs in sequence to give the impression of a spinning red ball. 
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Humidity Sensor Circuits 


The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Humidity Monitor 

Digital Relative Humidity Gauge 
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HUMIDITY MONITOR 



RADIO-ELECTRONICS 


Fig. 38-1 


This circuit uses a Phillips capacitive humidity sensor that has a AC variation of 45 pF over 0 to 
100-pF RH. IC2 is an oscillator whose frequency is determined by the RH sensor. It, is compared to 
fixed oscillator, and the difference frequency is taken by IC3C and rectified, outputting a 0- to 1-V 
signal for RH between 0 and 100%. 
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Sensor SEN1 outputs a dc voltage that varies linearly with relative humidity. This dc voltage is fed through R1 and R2 to A/D 
converter chip U2. Zero set is performed with R4. The LCD display is calibrated with R7 to read 0 to 100 percent. 
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Indicator Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Model Car Derby Winner Indicator 
Current. Indicator 
Receiver Signal-Strength Indicator 
LED Output Indicator for 555 Circuits 
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MODEL CAR DERBY WINNER INDICATOR 


LANE1 



POPULAR ELECTRONICS Fig. 39-1 

This derby-winner indicator uses infrared emitters and sensors to detect a car crossing the fin¬ 
ish line. The first car to Finish locks out the data from the second car, and the system can be reset by 
pressing SI. 


Source O 


CURRENT INDICATOR 




—wv 

( _r^ 


LEDs 


I L 

— — O Load 


Fly 


2 

/ L (mA) 


(Can be different 


k a 


colors for polarity indication) 


william sheets Fig. 39-2 

An LED requires 1.5 to 3 V across its terminals to light. This circuit uses a resistor shunt in se¬ 
ries with source and load to produce this drop and cause the LED to light. At higher currents (>100 
mA) use limiting resistors in series with LEDs to limit current to a safe value. 
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RECEIVER SIGNAL-STRENGTH INDICATOR 


0.1 (jlF 
RF input 


(9JLMHI LML0(8 
(lO) LADJ 0PCM(7 


NC (l l) FIL2 VLOG(6 


NC(12) FIL1 


BFIN(5 


100 pF 


(14) PRUP ISUM(3 

( 15 ) COMM COMM (2 


(161INHI 


INLOM 


Limiter 

output 


( 13 ) VPOS ILOG(V) 174ka ; 


R2. 
50 k Cl 
slope 
adjustment 
±10% 


Logarithmic 

output 


, R3 
.412 kn 


*R1 

200 kn 
intercept 
adjustment 
±5dB 


100 pF 


NC = no connect 


ANALOG DEVICES 


Fig. 39-3 


Using an AD606 log amplifier, this indicator gives a logarithmic output of +0.3 V at -80-dBm in¬ 
put to +3.5 V at 10-dBm input. Frequency range is to 50 MHz for this 10 device. 


LED OUTPUT INDICATOR FOR 555 CIRCUITS 


+v 



POPULAR ELECTRONICS, JANUARY 1994, P. 73 Fig. 39-4 

A pair of LEDs connected as shown here can be used with just about any low-frequency 555 os¬ 
cillator to give high-Zlow-output indications. When the output goes high LED2 turns on, and when 
the output goes low LED1 turns on. 
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Infrared Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audio-Modulated IR Transmitter 

Audible IR Detector 

Wireless IR Headphone Transmitter 

TV Remote-Control Relay 

Single-Tone Infrared Control Transmitter 

IR Illuminator for Night-Vision TV Cameras and Scopes 

Low-Power Infrared Data-Link Receiver 

Infrared Body Heat Detector 

IR Detector Circuit 

Steady-Tone Infrared Transmitter 

FM Infrared Receiver for Audio Reception 

General-Purpose IR Receiver 

Wireless IR Headphone Receiver 

Pulse Frequency-Modulated IR Transmitter 

Single-Tone Infrared Receiver 

Audible-Output Infrared Receiver 
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AUDIO-MODULATED IR TRANSMITTER 

R3 

100 $2 



POPULAR ELECTRONICS fig. 40-1 

This circuit produces an effect similar to frequency modulation (FM) by varying the voltage at 
pin 6 of the PLL using an audio signal. The FM IR signal can be picked up by a receiver with an FM 
detector suitably tuned. 


AUDIBLE IR DETECTOR 



POPULAR ELECTRONICS Fl'g. 40-2 

An IR-detector circuit offers an audible (as well as a visual) output, nnd also stretches the on 
time of the detected pulse to make the output easier to see, as shown. 

Photoresistor Q1 detects a remote’s IR output pulse and sends a negative-going pulse to the trig¬ 
ger input (pin) of the 555 IC, Ul. The 555 is connected in a one-shot timer circuit; the output (pin 
3) on time is set by the values of C 3 , R 3 , and R 5 . When an input pulse is detected, pin 3 goes high, 
lighting LED1 and activating the piezo buzzer, BZ1. 

For longer output pulses, set R 3 to its maximum resistance value. To lengthen the circuit’s on- 
time range, increase the value of C 3 , and to shorten the on-time range lower the value of C 3 . 
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WIRELESS IR HEADPHONE TRANSMITTER 



POPULAR ELECTRONICS Fig. 40-3 

Audio input from PL1 frequency modulates the VCO section of a 4046 PLL cliip. The VCO out¬ 
put drives Ql, a switching transistor. Q1 drives two IR LEDs. The signal produced is around 100 kHz, 
FM carrier VCO sensitivity is around 7.5 kHz/V. 


TV REMOTE-CONTROL RELAY 



POPULAR ELECTRONICS Fig. 40-4 

This circuit functions as an IR “repeater” to extend the range of your TV remote control. MODI 
is a P/N GP1U52X IR detector and the receiver is available as Radio Shack P/N 276-137. 
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SINGLE-TONE INFRARED CONTROL TRANSMITTER 



POPULAR ELECTRONICS Fig. 40-5 

A modulated beam of IR light is produced by tliis transmitter. This circuit can be used for on/off 
controls or tone (CW) communications. The pot can be replaced by several pushbuttons and resis¬ 
tors, as shown for multitone applications. 
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LOW-POWER INFRARED DATA-LINK RECEIVER 



1000pF 


Fig. 40-7 


The Maxim MAX403 iri this circuit consumes only 1 mA and is capable of speeds over 1 MBPS. 
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INFRARED BODY-HEAT DETECTOR 



ELECTRONICS NOW Fig. 40-8 

This circuit uses a pyroelectric detector to detect IR emissions in the 6- to 14-micron range. It is 
useful for security or infrared experiments. PYR1 is a pyroelectric IR detector. The unit should be 
mounted in a case with an IR lens to focus energy on the detector. 


IR DETECTOR CIRCUIT 


R1 +9V 



The circuit uses an IR phototransistor, Ql, to 
detect a remote control’s IR output signal. A PNP 
transistor, Q2, then amplifies Ql’s output and 
lights LED1. That indicates that an infrared sig¬ 
nal has been detected by the phototransistor, or 
in other words, that your remote control works. 


POPULAR ELECTRONICS 


Fig. 40-9 
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STEADY-TONE INFRARED TRANSMITTER 


+ 1.5 V 



1C1 LM3909 LED flasher/oscillator 1C 

D1 infrared LED 

D2 diode (1 N4148, 1 N914, or similar) 

Cl 1 pF 5 V electrolytic capacitor 
R1 1.5 kH '4 W 5% resistor 


McGRAW-HILL 


Fig. 40-10 


This oscillator pulses an IR LED at about 1000 Hz. It should be useful as a test for lining up IR 
communications links or setting up fiber-optic cables, etc. 
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FM INFRARED RECEIVER FOR AUDIO RECEPTION 



POPULAR ELECTRONICS 


Fig. 40-11 


Modulated IR energy strikes Q2, a phototransistor. Q1 is a tuned amplifier, and feeds PLL detec¬ 
tor Ul. U2 is an audio amplifier that drives a speaker. 


GENERAL-PURPOSE IR RECEIVER 



IC1 741 op amp 

Ql infrared phototransistor 

Cl 0.01 jiF capacitor 

R1 100 kQ % W 5% resistor 

R2 2.2 kU V* W 5% resistor 

R3 1 Mfi V, W 5% resistor 


mcgraw-hill Fig. 40-12 

Suitable for amplitude-modulated IR beams, this receiver provides an audio signal that corre¬ 
sponds to the modulation envelope. Phototransistor Ql should be properly mounted and shielded 
from stray light. This receiver should drive a small earphone directly. 
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WIRELESS IR HEADPHONE RECEIVER 



a-32a SPEAKER 

POPULAR ELECTRONICS Fig. 40-13 

A photodiode D1 feeds high gain IR remote control preamp IC, a CA3237E. U2 is a PLL FM de¬ 
tector tuned to around 100 kHz. The detector output is amplified by U3 and it can drive a speaker or 
a set of headphones. 

PULSE FREQUENCY-MODULATED IR TRANSMITTER 

*6Vdc 


.,1 



mcGraw-hill Fig. 40-14 

Schematic diagram for the pulse frequency-modulated LED transmitter, Adjust the frequency by 
rotating Rl. With components shown, the frequency range is between 8 and 48 kHz. 
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AUDIBLE-OUTPUT INFRARED RECEIVER 



McGRAW-HILL Fig. 40-16 

This receiver is designed to demodulate amplitude-modulated (AM) IR light beams and will drive 
a loudspeaker. R5 is an auxiliary volume control and it could be omitted. Q1 should be suitably 
mounted and shielded from stray light pickup. 
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Instrumentation Amplifier Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

xlOO Instrumentation Amplifier 
Instrumentation Amplifier 

Variable-Gain DilTerential-Input Instrumentation Amplifier 

Programmable Gain Instrumentation Amplifier for Single-Supply Applications 

Differential-Input Instrumentation Amplifier 

High Input-Impedance Instrumentation Amplifier 

ac-Coupled Instrumentation Amplifier 

Low-Noise Instrumentation Amplifier 

Low-Power Instrumentation Amplifier 

Ultra-Low-Noise Single-Supply Instrumentation Amplifier 

Instrumentation Amplifier 
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xlOO INSTRUMENTATION AMPLIFIER 




FREQUENCY (Hz) 

NATIONAL SEMICONDUCTOR Fig. 41-1 

CMRR vs. frequency. 
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VARIABLE-GAIN DIFFERENTIAL INPUT INSTRUMENTATION AMPLIFIER 
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ac-COUPLED INSTRUMENTATION AMPLIFIER 


DESIRED 

GAIN 

Ro 

m 

NEAREST 1% R* 

(«) 

1 

NC 

NC 

2 

50.00k 

49.9k 

5 

12.50k 

12.4k 

10 

5.556k 

5.62k 

20 

2.632k 

2.61k 

50 

1.02k 

1.02k 

100 

505.1 

511 

200 

251.3 

249 

500 

100.2 

100 

1000 

50.05 

49.9 

2000 

25.01 

24.9 

5000 

10.00 

10 

10000 

5.001 

4.99 



BURR-BROWN 


Fig. 41-7 


LOW-NOISE INSTRUMENTATION 
AMPLIFIER 


Ik’ 42 2k 



‘ TRIM FOR GAIN 

" TRIM FOR COMMON-MODE REJECTION 


maxim Fig. 41-8 

A Maxim MAX412 IC amplifier is used in this 
circuit. The supply current is ±5 V at 5 mA. 


LOW-POWER INSTRUMENTATION 
AMPLIFIER 



maxim Fig. 41-9 

This amplifier requires less than 20 mA from 
a ±15-V supply. 
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ULTRA-LOW-NOISE SINGLE-SUPPLY INSTRUMENTATION AMPLIFIER 



ANALOG DEVICES 


Fig. 41-10 


INSTRUMENTATION AMPLIFIER 


R5 R4 

43212 20k 



TRIM R5 FOR GAIN 

TRIM R1 FOR COMMON-MODE REJECTION 
BW = 120kH2 


LINEAR TECHNOLOGY Fig. 41-11 
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Integrator Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Integrator with Bias-Current Compensation 
Simple Integrator 
ac Integrator 


278 




INTEGRATOR WITH BIAS-CURRENT 
COMPENSATION 


SIMPLE INTEGRATOR 



'ADJUST FOR ZERO INTEGRATOR DRIFT. 
CURRENT DRIFT TYPICALLY 01 n/A°C 
OVER -55°C TO 125=C 
TEMPERATURE RANGE 


2 INTEGRATE 


si y 3 1 



R1 - R2 

FOR MINIMUM OFFSET ERROR DUE 
TO INPUT BIAS CURRENT 


POPULAR ELECTRONICS 


Fig. 42-1 POPULAR ELECTRONICS 


Fig. 42-2 


ac INTEGRATOR 

*F 

s = j2isf 

^2 ( 5 ) -—- as -?- for S » --- 

£, w R s (1+sR F C F ) R f C f f? F Cp 

WILLIAM SHEETS Fig. 42-3 

This op-amp circuit can be used with a wide variety of op amps. The values of R f and depend 
on gain, but will be 1 to 1 MQ in most cases. C { depends on the pole frequency needed. U1 is a 
741-type op amp, etc. 



279 






43 

Interface Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Timer/ac Line Interface 
Interfacing Resistive Transducers 
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TIMER/ac LINE INTERFACE 


TO 



M0C3012 

POPULAR ELECTRONICS Fig. 43-1 

This circuit illustrates the use of an optoisolator to enable the control of a triac connected to the 
ac line and load, while maintaining dc and ac isolation between the ac line and the timer circuit. A 
555 or other timer circuit can be used. 


INTERFACING RESISTIVE TRANSDUCERS 



TRANSDUCER 

analog devices Fig. 43-2 

All types of resistive-element transducers, such as servo-pots, level indicators, thermistors, pho¬ 
tosensors, strain gages, and so on, can be directly connected to the AD537. The scale-correction fac¬ 
tor, K, is a function of resistance, varying from 0.65 to 0.98 for values from 3 to 100 kQt 
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Inverter Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

SCR Inverter and Trigger Circuit 
Simple Inverter 

Vehicle Audio Amplifier Inverter 
Positive-to-Negative dc/dc Inverter 
1-kW 10-kHz Sine-Wave Inverter 
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SCR INVERTER AND TRIGGER CIRCUIT 


Induction 

motor 

load 




470 a lkfl 


0.05 n? 


An SCR inverter and trigger circuit. This inverter oper 
ates well over a wide load range and can be used to power 
inductive devices, such as motors, a.™** eiecmc swroconaucu* pim 

UCl! C%pl 

K10.RH 1 12, 20 W 

R]2, R13 12 0, 1W 

C 5 2-4 /if d units in parallel, G.E. #6lF254 

D4, D5 G.E. 1N2157 

SCR1.SCR2 G.E.C40A 

T2 G.E. #9T33Y267 

Li G.E. #9V*33 s /« 266 


Square-wave inverter 


Square-wave trigger circuit 


0.05 H? 


0.05 n? 


500 T I SOOT 


Rl 75 Q, 10 watt 

Cl 0.1 ^fd, G.E. #61F25AA104 T1 G.E. #9T33Y268 


135 Tl 135 T 


D1 16-18 volt breakdown diode. 1 watt All resistors ‘/j watt except R1 OA ® B °C Output 

McGRAW-hill Fig. 44-1 

In this circuit, LI and C5 arc used as commutating elements. LI resonates with C5 at the fre¬ 
quency corresponding to the half period of the waveform. 
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POSITIVE-TO-NEGATIVE dc/dc INVERTER 



MAXIM Fig. 44-4 

If a source of negative 5 Vdc is needed and only a positive supply is available, this circuit can be 
used. 


1-kW 10-kHz SINE-WAVE INVERTER 



McGRAW-HILL Fig. 44-5 

SCRs can produce considerable power at frequencies up to 30 kHz or more. Ttiis circuit can sup¬ 
ply 1 kW at 10 kHz. The load is shown as an equivalent, load, and practically this will be the primary 
of the transformer for isolation purposes. The power supply can be a 120-V bridge rectifier and filter 
combination. 


285 








45 

Ion Circuits 


The sources of the following circuits are contained in the Sources section, wliich begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Negative Ion Generator 
Ion-Sensing Electroscope 
Negative Ion Generator 
Ion Detector 
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NEGATIVE ION GENERATOR 


Discharge point 



McGRAW-HILL Fi 9- 

An NE555 drives a Darlington connected pair of transistors. T1 is a small high-voltage trans¬ 
former or auto ignition coil, B/W TV flyback, etc. C3, C4, and D1 must be rated for 10 to 15 kV. The 
fan blows air across the discharge point. 


ION-SENSING ELECTROSCOPE 



73 AMATEUR RADIO TODAY Fi 9- 45 ‘ 2 

Negative ions are sensed by a plate antenna. A negative charge induced on the plate cuts off a 
vacuum tube, causing the neon indicator to go out,. 
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NEGATIVE ION GENERATOR 



120V 


300Q 

I0W 


73 AMATEUR RADIO TODAY Fig. 45-3 

In this circuit, air is circulated past a pointed electrode that has a high negative voltage applied 
to it. The transformer is a small 4- to 6-kV output type with a filament winding. A good source of parts 
is a discarded electronic bug catcher. 


ION DETECTOR 



ELECTRONIC HOBBYISTS HANDBOOK Fig. 45-4 

This circuit detects static charges and free ions in the air. It can be used to indicate the presence 
of ion emissions, high-voltage leakage, static electricity, electrostatic fields, etc. The ground connec¬ 
tion is made by either an earth ground or by touching the aluminum foil .electrode with your hand. 
Ml is a 1 OO-jiA meter. R3 is a sensitivity control. 


288 







46 

Laser Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

High-Current Drive Circuit for Single Heterostructure Laser Diodes 
12-V High-Voltage Supply for He-Ne Laser 

Light-Beam Receiver and Sound Effects Generator for Laser Pistols 

Laser Diode Transmitter 

1R Laser Light Detector 

PLL IR Laser Light Receiver 

Op-Amp Diode Laser Driver 

Laser dc Supply 

IC Laser Diode Driver 

Pulsed Double Heterostructure Laser Driver 
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HIGH-CURRENT DRIVE CIRCUIT FOR SINGLE HETEROSTRUCTURE LASER DIODES 



Retainer nut 


Window 




1 


Threads (cathode) 


O 


Anode lead 


Typical Injection laser diode 
(pulsed type) 


(A) High-current drive circuit for a single heterostructure laser diode. (B) Power leads for the typical sh laser 
diode, showing single lead for the anode. 


R1 

1 kilohm resistor 

R2 

100 kilohm potentiometer 

R3 

7.5 kilohm resistor 

R4 

1 ohm resistor, carbon composition, 5 watts 

Cl 

0.01 /xF capacitor, 250 V or higher 

Ql 

2N2222 or equivalent; see text 

B1.B2 

67.5 Vdc batteries 

Misc. 

Single heterostructure laser diode, heatsink 

All resistors 

are 5 to 10 percent tolerance, V* watt, unless otherwise indicated. 


McGRAW-hill Fig. 46-1 

The transistor is operated in the avalanche mode. You might need to try several 2N2222 devices 
before finding one that oscillates. R2 is adjusted for optimum oscillation. This supply provides pulse 
of 10 to 20 amps at about 50 ns. 
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12-V HIGH-VOLTAGE SUPPLY FOR HE-NE LASER 



Q1 on heatsink 

200 ma input minimum 


MCGRAW-HILL Fig. 46-2 

T1 is a 6-V:330-V dc/dc inverter transformer with a 57.4:1 turn ratio, rated at 7 W. 

R1 270-S2 resistor 

R2 180-kQ resistor, 3 to 5 W 

Cl 22-pF electrolytic capacitor 

C2 1-pF electrolytic capacitor 

C3-C6 0.02-p.F capacitor, 1 kV or more 

D1 1N4001 diode 

D2-D5 High-voltage diode (3 kV or more) 

Q1 TIP 140 power transistor 

T1 High-voltage dc-to-dc. converter transformer; see text for specifications 

All resistors are 5 to 10% tolerance, / W, unless otherwise indicated. All capacitors are 10 to 20% 
tolerance, rated 35 V or more, unless otherwise indicated. 
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LASER DIODE TRANSMITTER 

12Vdc 


Amplified 
audio < 
input 


4—i 

.* 


Note: With components show, center 
frequency is 40.31 kHz; replace Rl 
with 100K pot to adjust center fre¬ 
quency. 

Calculate center frequency using the 
formula: 1.44 

f = C3 (R1 2R2) 


— 

< 

7 

t Rl 
^56kn 

< 

2 

; R2 - 1 

£iokn ** 

6 


< 

— 

- C3 
'' 470pF 


McGRAW-HILL 


Fig. 46-4 
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IR LASER LIGHT DETECTOR 
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McGRAW-hill Fig. 46-5 

The universal laser light detector. The output of the LM386 audio amplifier can be connected to a small 8-Q speaker or ear¬ 
phone. Two 9-V batteries provide power. Decrease R1 to lower sensitivity; increase R3 to increase gain of the op amp (avoid very 
high gain or the op amp might oscillate). Ql* is an infrared phototransistor. 



PLL IR LASER LIGHT RECEIVER 
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McGRAW-HlLL Fig. 46-6 

Circuit schematics for the 555-based PLL laser light. PFM receiver. Although R4 is shown as a resistor, you might want to sub¬ 
stitute it with a 10-kQ precision potentiometer so that you can “dial in’' the center frequency of the transmitter. Experiment with 
the value of C l for the best high-frequency response. Notice that circuit is functionally identical to the laser light detector/re¬ 
ceiver shown in the figure, but with the addition of the 565. 




OP-AMP DIODE LASER DRIVER 



McGraw-Hill Fig. 46-7 

This circuit is one way to automatically adjust drive current using a discrete op amp. Use the 
transistors specified or replace them with a suitable Darlington power transistor (such as TIP 120). 


IC1 

RCA CA 313 operational amplifier 

Rl, R5 

100-kii potentiometer 

R2 

10-kO resistor 

R3 

3.3-kQ potentiometer 

R4 

10-kQ potentiometer 

R6 

30-Q, 10-W resistor 

Cl 

100-pF electrolytic capacitor 

C2 

0.1 -pF disc capacitor 

Ql 

2N2101 transistor 

Q2 

2N3585 transistor 

Laser 

RCA C86002 (or equivalent laser diode) 


LASER dc SUPPLY 



POPULAR ELECTRONICS Fig. 46-8 

The supply provides about 6 kVdc when open circuited, dropping to around 1375 Vdc when 
loaded. The R099 is a laser tube. 
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1C LASER DIODE DRIVER 


+5Vdc 



S1A 



McGraw-hill Fig. 46-9 


IC Sharp IR3C02 laser diode driver IC 
R1 100-kQ resistor 

R2 22-Q resistor 

Cl 22-pF electrolytic capacitor 

SI DPDT switch 

Misc. Double heterostructure laser diode 
(such as Sharp LT020), heatsink 


PULSED DOUBLE-HETEROSTRUCTURE LASER DRIVER 


+6Vdc 



IC1 555 timer 1C 

R1 47-kQ resistor 

R2 1-kn resistor 

R3 100-kQ potentiometer 

Cl 0.1 -pF disc capacitor 

Misc. Double heterostrueture laser diode, 

heatsink 

All resistors are 5 to 10% tolerance, J / W. All 
capacitors are 10 to 20% tolerance, rated 35 V or 
more. 


McGRAW-HILL 


Fig. 46-10 
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Light-Controlled Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Traffic Light-Sequencer Circuit 
Tachometer Adapter 
Sun-Tracking Circuit for Solar Arrays 
Optical Fringe Counter 
Low-Noise Light Sensor with dc Servo 
Photodiode Amplifier 
Light-Switched LED Blinker 
Single-Supply Photodiode Amplifier 
Light-Controlled Monostable 
Darkness Monitor 

Programmable Light-Activated Relay 
Traffic Light Controller 
Colorimeter 

Eight Decade Light Meter 

LED Lightwave Communications Transmitter 

LED Lightwave Receiver 

Solar Power Supply 

Solar Power Supply with Linear Regulator 
Photodiode Log Converter/Transmitter 
Rechargeable Solar Power for Sun Tracker 
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TRAFFIC LIGHT-SEQUENCER CIRCUIT 



NOTE 1: Relays rated for 5 Vdc 

contact rating: 2A, 120 Vac 


ELECTRONICS NOW Fig. 47-1 

This circuit uses a 555 timer to drive a 4017 counter. The counter outputs drive transistor relay 
drivers. Time lights “on” can be proportioned by changing coimections of outputs of counter. 


TACHOMETER ADAPTER 



WILLIAM SHEETS 


Fig. 47-2 


Use of a phototransistor and light source can enable a frequency counter to act as a tachometer: 

Frequency Counter Reading Hz 
RPM = 60X - * Blades or - 

The light source is interrupted by the number of propeller blades, fan blades, spokes, or other 
marking. R can be anywhere from 1 to 100 k£l Try several values for best results. 
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SUN-TRACKING CIRCUIT FOR SOLAR ARRAYS 

+ 12 V 01 



POPULAR ELECTRONICS Fig. 47-3 

The sun tracker uses a combination of three photoresistors. R7, R8, and R9, to ensure that the 
circuit will follow the sun during the day, but not look for it at night. Photoresistor cells, R7, R8, and 
R9 have a value of 160 Q in full sunlight and 4880 Q in the shade, that is not absolutely critical. R7 is 
mounted in a “well” with a narrow slit so that sunlight falls upon it only when the photoresistor is 
pointed directly at the sun. When that occurs, the resistance of R7 drops. That photoresistor and po¬ 
tentiometer R4 form a voltage divider at the base of the Darlington transistor, Ql. When R7’s resis¬ 
tance is low, Ql vail be kept off. 

When the sun swings a little westward, R7 will no longer be in sunlight, causing its resistance'to 
go up, which raises the base voltage of Ql and turns that Darlington on. That, in turn closes the relay, 
Kl, providing current to the drive motor, MOT1, which is a 1.5-Vdc, low-torque hobby motor. The mo¬ 
tor then turns slowly (resistor R6 limits the maximum current to the motor and keeps it from running 
too fast), putting R7 in direct sunlight again; Ql’s base voltage then drops and the tracker stops. That 
is repeated again and again as the sun moves across the sky. Photoresistor R8 is mounted on the out¬ 
side of the well so that it receives a wide angle of full sunlight. When the sun is shining, R8’s resistance 
is low, keeping Q2 turned off, and allowing the tracker to act as described, without interference. But 
if the sun “slips” behind a cloud, R8’s resistance goes high, producing a forward bias on the base of Q2. 
That turns that transistor on and sinks the base of Ql to near ground so that Ql then remains off. That 
immobilizes the tracker drive; that also keeps the drive shut down in the dark of night. 

Photoresistor, R9, is the dawn sensor. It is mounted on the back of the sun tracker. Mien the 
tracker stops at sunset, pointing toward the west, R9 is pointing toward the east. When the sun rises 
the following morning and shines on R9,.its resistance goes low, turning Q2 off and allowing Ql’s base 
to. go high. That presents current to the relay and therefore to the drive motor, causing the tracker 
to swing around to the east. 
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OPTICAL FRINGE COUNTER 



• Noi requited if +V is 4V or less 
t Optional, 10KO to lOMfl. for sensitivity 


McGRAW-HILL 


Fig. 47-4 


For work with interferometer and optical experiments, tliis fringe counter can be useful. Photo 
transistor Q1 provides light and dark sensing. As the sensor is moved across the fringe pattern alter¬ 
nate light and dark areas translate to an electrical waveform. This is amplified by IC1 and counted by 
102. A Schmitt trigger circuit can be added, if desired. 
















PHOTODIODE AMPLIFIER 


C 2 0.1 nF 



ELECTRONIC DESIGN Fig. 47-6 

A photodiode amplifier combined with a dc-restoration circuit will reject low-frequency ambient 
background light, easing measurement of a light signal. 


LIGHT-SWITCHED LED BLINKER 


R2 

10K 



POPULAR ELECTRONICS Fig. 47-7 

TMs circuit can be used to flash an LED during periods of darkness. Use it for burglar alarm sim¬ 
ulators for boats, docks, autos, etc. 
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SINGLE-SUPPLY PHOTODIODE AMPLIFIER 



ELECTRONIC DESIGN 


Fig. 47-8 


This circuit provides a reverse-bias operating point and output voltage offset and uses a single¬ 
polarity power supply. The floating reference voltage from TLE2425 serves to bias the diode in a re- 
verse-polarity mode. It also provides a clamping level at the output. Consequently, linear response to 
illumination is maintained for a 5-V range from dark current to full sunlight conditions. 
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LIGHT-CONTROLLED MONOSTABLE 



POPULAR ELECTRONICS Fig. 47-9 

The light-controlled monostable was produced by combining a 555 monostable multivibrator 
with a pair of light-controlled comparators. The circuit can be used to enable the operation of the 
load device, depending on the time of day. During the daylight hours, the timer U2, is disabled, and 
so produces no output. However, during the nighttime hours, U2 is enabled by the output of Ul-b so 
that pressing SI initiates a timing cycle, which activates LED1 for a time determined by R8 and Cl. 


DARKNESS MONITOR 



popular electronics Fig. 47-10 

When light strikes detector Ql, Q2 is cut off, allowing bias to reach SCR1, triggering SCR1 and 
lighting LED1. SI resets the circuit. 
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PROGRAMMABLE LIGHT-ACTIVATED RELAY 



McGRAW-HILL 


Fig. 47-11 


Digital inputs A, B, C, D select different light levels by varying the value of bridge circuit resis¬ 
tance K 4 . 


IC1 

741 op amp 

IC2 

CD4066 quad bilateral switch 

Q1 

NPN transistor (2N2222, 2N3904, or similar) 

D1 

diode (1N4002, or similar) 

Cl 

0.1 -p,F capacitor 

R1 

photoresistor 

R2, R3 

390-kQ, 14-W 5% resistor 

R4, R5 

1-MO, 14-W 5% resistor 

R6 

820-kQ, !4-W 5% resistor 

R7 

470-kO, %-W 5% resistor 

R8 

270-kQ, H-W 5% resistor 

R9 

100-kO, /■-W 5% resistor 

K1 

relay to suit load 
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TRAFFIC LIGHT CONTROLLER 



POPULAR ELECTRONICS Fig. 47-12 

Oscillator U5A-B drives a 4017 divide-by-10 counter. The first output of U1 appears at pin 3, 
which supplies a positive voltage to U2, a MOC 3010 optocoupler/triac-driver 1C, turning it and triac 
TR1 on. That lights II, the red lamp. The second output appears at pin 2 and passes through D1 to 
the second MOC‘3010, U3, thereby lighting the yellow lamp, 12. The third output at pin 4 turns on 
UJ4 and the green lamp, 13. The fourth output at pin 7 travels through D2 and into U3 to light the yel¬ 
low lamp, 12, again. 

If you would like the traffic-light system to follow the normal sequence of green, yellow, and red, 
make the following circuit changes: Disconnect pins 10 and 15 of U1 from each other. Remove D1 and 
D2 and connect pin 2 of U1 to pin 1 of U3. Then connect pins 7 and pins 15 of U1 together. Use U2 to 
drive 13 (the green light) and U4 for II (the red light). 
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COLORIMETER 


TABLE 1—LED COLORS AND 
CODES 


LEO 

Wave¬ 

length 

Color 

Activate 

Value 

LED1 

470 nm 

Blue 

2°-1 

LED2 

560 nm 

Green 

2’*2 

LED3-a 

590 nm 

Yellow 

2 2 =4 

LED3-b 

700 nm 

Red 

2 3 -8 

LED4 

630 nm 

Orange 

2 4 *16 

LED5 

665 nm 

Crimson 

2^32 

LED6 

482 nm 

Aqua 

2*-64 



ELECTRONICS NOW 


Fig. 47-13 
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COLORIMETER { Cont.) 


LISTING 1—CALIBRATION PROGRAM 

ID ‘CALIBRAT.BAS calibration program 

20 CLS:KEY OFF:N=0:ADR=512:OFEN*R*,1,'CALI*,16:OP5N*r*,2,*ca!2■,24 
30 FIELD 1.2AS B$,2AS G$,2AS Y$,2AS 0$,2AS C$,2AS RS.2AS AS.2AS AGS 
40 FIELD 2,24AS ID$ 

50 PRINT "reference number*,N+1 .-OUT ADR,255:BEEP:INPUT ‘Enter Name of Standard 
or ‘E’ Tc End";TEMPIDS 

60 IF TEMPIDS-‘E* OR TEMPIDS**e* THEN N=0: GOTO 200 

70 IF TEMPIDS”"n* THEN INPUT'enter n to redo *,N:N=N-l:GOTO 50 

80 N=N*T: FOR H»0 TO 7:K=0:IF H<7 THEN Z=2~H ELSE Z=194 

90 OUT -ADR,Z;FOR 1=1 TO 500:NEXT I 

100 FOR J=1 TO 50:K=K+INP(ADR):NEXT J 

110 IF H=0 THEN LSET B$=KXIS(K) 

120 IF H = 1 THEN LSET G$=MKI$(K) 

130 IF H=2 THEN LSET Y$=MKI$(K) 

140 IF H-3 THEN LSET 0$=MKI$(K> 

150 IP H-4 THEN LSET C$=KKI$(K) 

160 IF H-5 THEN LSET RS-MXIS(K) 

170 IF H*6 THEN LSET A$=MKI$(K) 

180 IF H-7 THEN LSET AGS-MXIS(K) 

190 NEXT H:LSET IDS=TEMPIDSsPUT 1,N:PUT 2,N:CLS:GOTO 50 
200 N-N+l :GET #1,N:GET «2,N;IF N>(LOF(1)/I6) THEN END 

210 B=CVI(BS):G=CVI(G$):Y=CVI(YS):0=CVI(0$):C=CVI(CS):R=CVI(RS):A=CVI(A$): 
AG-CVI(AG$) 

220 PRINT N,ID$:GOTO 200 


LISTING 2—IDENTIFICATION PROGRAM 

1 1 IDENTIFY.BAS identification program 

10 ADR-512:OUT ADR,255;PRINT:INPUT ’Hit Enter To Scan/Identify Unknown 
Color* ?A 

20 IF A-9 THEN RUN*fcal* 

30 ERP-1E+20:OPEN*R*,1,"call*,16 
40 FOR H=0 TO 7:K=0:IF H<7 THEN 2=2'H ELSE 2=194 
50 OUT ADR,2: FOR 1=1 TO S00:NEXT I 
60 FOR J=1 TO 50:K-K+INP(ADR):NEXT J 

70 IF H=0 THEN BU=K ELSE IF H=1 THEN GU=K ELSE IF H=2 THEN YU=K 

80 IF H=3 THEN OU=K ELSE IF H=4 THEN CU=K ELSE IF H.5 THEN RU-K 

90 IF H=6 THEN AU.K ELSE IF H=7 THEN AGU=K 

100 NEXT H:BEEP 

110 OUT 512,255:OPEN*r*/2,"cal2*, 24:PIELD 1,2AS B$,2AS G$,2AS YS,2AS OS.2AS 
CS.2 AS RS.2AS A$, 2AS AG$:B=LOF(l)/16 

120 FOR N=1 TO B:GET #1,N:IF ABS( CVI(BS)-BU)*400 THEN 140 

130 ER=(CVI(BS)-BU) -'2+(CVI(G$)-GU) *2+ (CVI(Y$)-YUr 2 +(CVI(0$)-OU)*2 +(CVI(C$)- 
CU)* 2*(CVI(R$)-RU) A 2 + l*((CVI(AS)-AU) A 2) *2* ((CVI(AGS)-AGU)*2):IF ERcERP 

THEN ERP= ER:NN=N 
140 NEXT N 

150 FIELD 2. 24AS IDS: GET I2.NN 

160 CLS:PRINT 'Best Color Match*,IDS:PRINT'Relative Error",ERP;PRINT"reference 
number *,NN:RUN 


A hardware/software combination activates. In turn, one of several LEDs emits a portion of the 
visible spectrum. A phototransistor measures the light reflected by the surface being measured, and 
an 8-bit analog-to-digital converter (ADC) translates the phototransistor’s output into a digital for¬ 
mat that the computer can interpret. Seven LEDs (blue, aqua, green, yellow, orange, crimson, and 
red) provide a range of readings across the visible spectrum. Lack of spectral continuity among ad¬ 
jacent, LED colors could skew results, so the circuit provides built-in compensation for this error. 

Two simple BASIC programs control the circuit’s operation. One allows you to define a set of 
standards by measuring known color samples and recording the values with an associated name. The 
other program measures unknown samples and provides the best match with the defined standards, 
as well as a relative error factor. 
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EIGHT-DECADE LIGHT METER 


ft'S BMJJpf 


t Vi - OaiiM = 100 nA 

0.24V9I| N = 10 pA 
Ml - 0«I, N - 10 pA 
al IN - 1 mA 


NATIONAL SEMICONDUCTOR 


Fig. 47-14 


A logarithmic amplifier is adapted to a battery-powered light meter. An LM10, combined op amp 
and reference, is used for the second amplifier and to provide the regulated voltage for offsetting the 
logging circuit and powering the bias-current compensation. This can provide input current resolu¬ 
tion of better than ±2 pA over 15 to 55° C. Because a meter is the output indicator, there is no need 
to optimize frequency compensation. Low-cost single transistors are used for logging because the 
temperature range is limited. The meter is protected from overloads by clamp diodes D2 and D3. 

Silicon photodiodes arc more sensitive to infrared than visible light, so an appropriate filter must 
be used for photography. Alternately, gallium-arsenide-phosphide diodes with suppressed IR re¬ 
sponse are becoming available. 
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LED LIGHTWAVE COMMUNICATIONS TRANSMITTER 


+9Vdc 



R1.R4 

47 kO 

R2.R3 

470 kO 

R5,R6 

33 n 

R7.R9 

1 kO potentiometer 

R8 

10 kfl potentiometer 

Cl 

0.002 nF disc 

C2 

0.1 nF disc 

C3 

180 pF disc 

C4 

10 nF polarized electrolytic 

C5 

100 nF polarized electrolytic 

C6 

1 .2 jiF polarized electrolytic 

C7 

30 ^F polarized electrolytic 

IC1 

5532 low-noise amplifier 1C 

Q1 

A7937 transistor 

LED1 

High-output LEO (see text) 

J1 

Miniature phone jack (for electret condenser microphone) 

SI 

SPST switch 


All resistors are 5 to 10 percent tolerance. 'U watt. All capacitors are 10 to 20 
percent tolerance, rated at 35 volts or more 


McGRAW-HILL 


Fig. 47-15 


309 




Fig. 47-16 






SOLAR POWER SUPPLY 



This circuit delivers either 4.8 or 7.2 V regulated at 15 mA with a 3-V input from a bank of pho¬ 
tocells. R1 should be 453 k£2 for a 7.2-V output and 274 for a 4.8-Vdc output. Regulator efficiency 
is around 70%. This should be considered when selecting suitable solar cells. 


SOLAR POWER SUPPLY WITH LINEAR REGULATOR 



PC5 PC6 PC7 PC8 


ELECTRONICS HOBBYIST HANDBOOK p/g 47-18 

This regulator delivers a constant 2.4 Vdc for powering small devices that run on two AA cells, 
such as cassettes and small radios. Regulator drop is about 0.3 volt. This should be considered when 
choosing solar cells. Load current is typically 125 mA. 
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PHOTODIODE LOG CONVERTER/TRANSMITTER 



NATIONAL SEMICONDUCTOR Fig. 47-19 

A logarithmic conversion is made on the output current of a photodiode to compress a four- 
decade, light-intensity variation into a standard transmission range. The circuit is balanced at mid- 
range, where R3 should be chosen so that the current through it equals the photodiode current. The 
log-conversion slope is temperature compensated with R6. Setting the reference output to 1.22 V 
gives a current through R2 that is proportional to absolute temperature because of L)1 so that this 
level-shift voltage matches the temperature coefficient of R6. Cl has been added so that large-area 
photodiodes with high capacitance do not cause frequency instabilities. 


RECHARGEABLE SOLAR POWER FOR SUN TRACKER 



12VDC 

SOURCE 


POPULAR ELECTRONICS Fig. 47-20 


This application circuit provides rechargeable 
solar power for the sun tracker, as well as for an¬ 
other 12-volt device. PCI and PC2 can be mounted 
on sun tracker assembly. 
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48 

Logic Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Logic State Change Indicator 
Combinatorial Logic Multiplexer 
AND Gate 
Relay “AND” Circuit 
Relay “OR” Circuit 


313 





LOGIC STATE^HANGE INDICATOR 


INPUT 



100Q V cc 



JLJL 


OUTPUT 


t 


NASA TECH BRIEFS Fig. 48-1 

A circuit consisting of a one-shot multivibrator IC, a pair of diodes, and some resistors and ca¬ 
pacitors delivers an output pulse when the logic state at its input terminal changes—-either from high 
to low or from low to high. Thus, this circuit can serve as a state-change indicator or as a frequency 
doubler for a square-wave input. 

Any monostable can be used; the arrangement in the figure achieves low power dissipation (80 
milliwatts) by using half of a Fairchild 96L02 transistor-transistor-logic dual multivibrator. The 96L02 
is triggered when pins 3 and 5 are high and pin 4 changes state from low to high. It also triggers if pin 
3 is high, pin 4 is low. 

The circuit shown here allows these conditions to be satisfied with a single input terminal, plus 
the fixed bias on pin 3; the arrangement of resistors, capacitors, and diodes automatically biases pin 
5 high when transmitting a rising transition to pin 4 and biases pin 4 low when applying a falling tran¬ 
sition to pin 5. 

For example, if the input terminal has been low and then goes high, Cl charges through a for- 
ward-biased diode that, shunts its 100-Q resistor; therefore pin 5 goes high immediately. C2 charges 
through 100 Q, however, because its diode is back-biased, the rising level is not applied to pin 4 un¬ 
til 5 is already high. Therefore, the conditions for triggering an output pulse are satisfied. 

The output pulse duration, t, is set by the value of time constant R x C r 
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COMBINATORIAL LOGIC MULTIPLEXER 



ELECTRONIC DESIGN Fi 9- 48-2 

Combinatorial logic can be implemented simply by using a multiplexer instead of logic gates. 
Shown are the truth table (A), its logic circuit (B), and the multiplexer connections (C). If the logic 
circuitry is changed (D), the multiplexer would be reconnected (E). 

AND GATE 


+ v 



POPULAR ELECTRONICS F ‘9- 48-3 

An LM139 is configured as an AND gate(TTL or CMOS is usually used). With this idea, you can 
use leftover IC sections and save an extra package in some instances. 
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RELAY “AND” CIRCUIT 



WILLIAM sheets Fig. 48-4 

All switches SI through S n must be closed to operate the relay. If one opens, the relay drops out. 
Use this circuit for burglar alarms, etc. 


RELAY “OR” CIRCUIT 

+ 12 V S, 12-V ralav 



william SHEETS Fig. 48-5 

Closing any switch SI, S2, S3, or S n will actuate the relay (TV - any number). Use this circuit for 
burglar alarms, etc. 
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Mathematical Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Low-Cost One-Quadrant Multiplier/Divider 
Low-Cost Accurate Square-Root Circuit 
Low-Cost Accurate Squaring Circuit 
Bridge Linearizing Function 
Square Rooter 

Analog Variable Multiplier/Divider 
Difference of Squares 
Approximation for Sin <J> 

Simple Analog Averaging Circuit 
Simple Analog Multiplier 
A% Ratio Computer 
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LOW-COST ONE-QUADRANT MULTIPLIER/DIVIDER 


AS 

SQh 

IK 



NATIONAL SEMICONDUCTOR Fig. 49-1 


This circuit will produce an output that is proportional to the product of the (X) and (7) inputs 
divided by the Z input. All inputs must be positive, limiting operation to one quadrant. For very low 
level inputs, the offset voltage in the LM308s might create large percentage errors referred to input. 
A simple scheme for offsetting any of the LM308s to zero is shown in dotted line; the positive input 
of the appropriate LM308 is simply tied to R x instead of ground for zeroing. The summing mode of 
operation on all inputs allows easy scaling on any or all inputs. Simply set the input resistor equal'to 
^mCmax/C 200 ^ A )- “ ^Ual to: 



Input voltages above the supply voltage are allowed because of the summing mode, of operation. 
Several inputs can be summed at X, 7, and Z. 

For a simple (X) • (7) or ( K)IZ function, the unused input must be tied to the reference voltage. 
Perturbations in this reference will be seen at the output as scale factor changes, so a stable refer¬ 
ence is necessary for precision work. For less critical applications, the unused input can be tied to 
the positive supply, with 


p_ v + 
200 gA 
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LOW-COST ACCURATE SQUARE-ROOT CIRCUIT 


30 pF 



•Trim for full scale accuracy. 


NATIONAL SEMICONDUCTOR 


Fig. 49-2 


The circuit will generate a square-root function, accurately and inexpensively. The output is a 
current that can be used to drive a meter directly or be converted to a voltage with a summing junc¬ 
tion current-to-voltage converter. The -15-V supply is used as a reference, so it must be stable. A 1% 
change in the -15-V supply wall give a A% shift, in output reading. No positive supply is required when 
an LM301A is used because its inputs can be used at the same voltage as the positive supply (ground). 
The two 1N457 diodes and the 300-kQ resistor are used to temperature-compensate the current 
through the diode-connected 14LM394. 
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LOW-COST ACCURATE SQUARING CIRCUIT 


INPUT 

0 s Vi* * + 10V 



NATIONAL SEMICONDUCTOR 


Fig. 49-3 


The circuit shown will square the input signal and deliver the result as an output current. Full- 
scale input is 10 V, but this can be changed simply by changing the value of the 100-kQ input resis¬ 
tor. As in the square root circuit, the -15-V supply is used as the reference. In this case, however, a 
1% shift in supply voltage produces a 1% shift in the output signal. The 150-kfl resistor across the 
base-emitter of 14LM394 provides slight temperature compensation of the reference current from the 
-15-V supply. For improved accuracy at low input signal levels, the offset voltage of the LM301A 
should be zeroed out, and a 100-kfl resistor should be inserted in the positive input to provide input 
to provide optimum dc balance. 
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BRIDGE LINEARIZING FUNCTION 



If one arm of a Wheatstone Bridge varies from its nominal value by a factor, (1 + 2%), the voltage 
or current output of the bridge will be (with appropriate polarities): 

x 

V ~ - 

1 + X 

Linear response requires very small x and, usually, preamplification. The circuit shown here en¬ 
ables large-deviation bridges to be used without losing linearity. 

The circuit computes the inverse of the bridge function, i.e., 


x ~ 


y 

i+y 


Depending on which arm of the bridge varies, it might be necessary to reverse the polarity of the 
z connections. 
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SQUARE ROOTER 


OPTIONAL 
SUMMING 
INPUT. A 
10V PK 
- 1 - 


+ 


X, 

*V S 

Xj 

A0S34 

OUTPUT 

SF 

Z, 


z? 

Y, 


Yr 

-V S 


- EojT 

r l 


IEout - Al 1-Eogr * A) * -10Z 
(EouT • Al 2 ■ 10Z 

EqijT * >/' 0 Z * A 


INPUT 10V F.S., *I2V PK 


ANALOG DEVICES Fig. 49-5 

This illustration shows the connection of the AD534 for square-rooting, with differential inputs. 
The diode prevents a latching condition—common to this configuration—which would occur if the 
input momentarily changed polarity. As shown, the output is always positive; it can be changed to a 
negative output by reversing the diode polarity and interchanging the X inputs. Because the signal 
input is differential, all combinations of input and output polarities can be realized, if the output cir¬ 
cuit does not provide a resistive load to ground, one should be connected to maintain diode conduc¬ 
tion. For critical applications, the Z offset can be adjusted for greater accuracy below 1 V. 


ANALOG VARIABLE MULTIPLIER/DIVIDER 


R3 

1MU 



ANALOG DEVICES Fig. 49-6 

An output voltage (W = X l x YJU^) is produced by this multiplier circuit. The AD734 is a four- 
quadrant multiplier. 
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DIFFERENCE OF SQUARES 



ANALOG DEVICES 


Fig. 49-7 


A single AD534 can be used to compute the difference of the squares of two input signals. The 
function can be useful in vector computations, and in weighting the difference of two magnitudes to 
emphasize the greater nonlinearity. 


APPROXIMATION FOR SIN 0 



ANALOG DEVICES Fi 9■ 49 ' 8 

The AD534 is remarkably easy to use in the implementation of the approximation formulas de¬ 
scribed in Chapter 2-1 of the Nonlinear Circuits Handbook. Many of these involve implicit loops to 
generate the function and previously required several additional op amps for the addition and sub¬ 
traction of the various terms. This circuit is an example of what can be done with external resistors 
only. For <j) between 0° and 90°, the approximation maintains a theoretical accuracy to within 0.5% 
of full-scale; 0.75% is practical with AD534L and 0.1% resistances were used. 
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SIMPLE ANALOG AVERAGING CIRCUIT 



Pi-Pg are 101 



Voltage 

at 

points 

TABLE 

"A' 

*5 

+5 

-5 

*1.5 

-1 

*8 

+10 

+ 10 

"B" 

+5 

-5 

-5 

-3 

-3 

*8 

+10 

-9 

•C" 

+5 

*5 

♦5 

-6 

-5 

-3 

+10 

♦ 10 

•D" 

♦5 

+5 

*5 

*2.5 

S 

*9 

+9 

+ 10 

Output across Rl 

+5 

+2.5 

0 

-1.25 

-4.25 

*5.5 

+975 

+525 


ELECTRONIC DESIGN 


Fig. 49-9 


At times, an analog circuit that averages rather than sums can be quite handy. You won’t usually 
find this type of circuit in op-amp books, possibly because the op amp is used only as a buffer. For 
best accuracy, an FET should be used with the offset adjusted out. In addition, the “averaging” re¬ 
sistors (R1 through R4) should be of close tolerance. 

Looking at the test circuit, op amps 1 through 4 are used to alleviate interaction between ad¬ 
justment potentiometers.PI through P4 and so that R1 through R4 see the same low impedance. 

The table shows some arbitrarily set voltages and the resulting output voltage across R h . 
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SIMPLE ANALOG MULTIPLIER 


V* 



NATIONAL SEMICONDUCTOR F ‘9- 49-10 


Circuit operation can be understood by considering A2 as a controlled-gain amplifier, amplifying 
V 2 , whose gain depends on the ratio of the resistance of PC2 to R5 and by considering A1 as a con* 
trol amplifier, which establishes the resistance of PC2 as a function of VI. In this way, V 0UT is a func¬ 
tion of both V L and V 2 . 

A1, the control amplifier, provides drive for the lamp, LI. When an input voltage, V v is present, 
Llis driven by A1 until the current to the summing junction from the negative supply through PCI 
is equal to the current to the summing junction from VI through Rl. Because the negative supply 
voltage is fixed, this forces the resistance of PCI to a value that is proportional to Rl and to the ra¬ 
tio of V l to V- LI also illuminates PC2 and, if the photoconductors are matched, causes PC2 to have 
a resistance equal to PC 1. 

A2, the controlled gain amplifier, acts as an inverting amplifier whose gain is equal to the ratio of 
the resistance of PC2 to R5. If R5 is chosen equal to the product of ft, and V-, then C oyT becomes 
simply the product of V L and V 2 . R5 can be scaled in powers of 10 to provide any required output 
scale factor. 
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A% RATIO COMPUTER 



ANALOG DEVICES Fig. 49-11 

The percentage-deviation function is of practical value for many applications in measurement, 
testing, and control. For example, the output of this circuit might be applied to a pair of biased com¬ 
parators to stimulate particular actions or displays, depending on whether the gain of a circuit under 
test were within limits, or deviating by a preset amount in either direction. 

The indicated scale factor, l%/7, is convenient.. However, other sensitivities, from 10%/K to 
0.1 %/V, as required by the application, can be obtained by altering the feedback attenuation ratio, 
from 1 to Vm. Gain or attenuation is easily applied to the A signal externally for calibration to the nor¬ 
malized form. 
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50 


Measuring and Test Circuits 


m 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Electronic Level 

Single-Chip Digital Voltmeter 

Inductance with DVM Measuring Circuit 

Negative Reference Voltage Circuit 

Precision Current Source 

1-kW Power Meter 

Logic Chip Tester 

Power Supply for 10-MHz Frequency Standard 

Three-Terminal Regulator Current Source 

Four-Wire Resistance Measurement Hookup 

Audio Frequency Meter 

ELF Monitor 

Strain-Gage Sensor 

Minute Marker 

Digital Barometer 

Reference Circuit 

Transistor Matching Circuit 

Auto-Ranging Digital Capacitance Meter 

Frequency Divider for 10-MHz Frequency Standard 

Electroscope 

Optical Isolator Wattmeter 
Digital Three-Phase Wave Generator 
Simple Test Audio Amplifier 
Gate Dip Oscillator I 
Accelerometer (G Meter) Circuit 


Gate Dip Oscillator II 
Two Remote Meters 
Novel RF Power Meter 
Nanoammeter 

1.5-V Logarithmic Light Level Meter 
ac Power Monitor 
100-W Variable Resistor Simulator 
IMD Test Circuit for Pin Diodes 
VCO and Input Frequency Comparer 
EGG Amplifier with Right Leg Drive 
Power Transformer Tester 
4- to 20-mA Process Controller 
Simple High-Current Measurer 
Analog Circuitry Calibrator 
Simple Signal Generator for Signal Tracing 
Simple Harmonic Distortion Analyzer 
Sound Subcarrier Generator 
Inductance and Capacitance Determiner 
with SWR Bridge 
Motorcycle Tune-Up Aid 
50-MHz Frequency Counter 
10-MHz Frequency Standard 
Programmable Capacitor Circuit 
Programmable Resistor Circuit 
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ELECTRONIC LEVEL 



POPULAR ELECTRONICS 


Fig. 50-1 


The electronic level uses a pair of phototransistors and an infrared LED to sense bubble position. 
In this circuit, the amounts of infrared radiation received by phototransistors Q1 and Q2 are trans¬ 
lated by op-amp U1 and dual-timer I.J2 into either a steady tone, or a fast- or slow-pulsing one. 
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SINGLE-CHIP DIGITAL VOLTMETER 
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INDUCTANCE WITH DVM MEASURING CIRCUIT 



<*> 

■ 2 » 

u. 


.2 


o p 
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NEGATIVE REFERENCE VOLTAGE CIRCUIT 


+ v 



NASA TECH BRIEFS Fig. 50-4 

This figure illustrates a circuit that supplies a precise negative reference voltage. To meet re¬ 
quirements of accuracy and stability, it incorporates a highly precise positive reference voltage by 
use of a high-gain, stable feedback booster circuit. 

The booster circuit includes an operational amplifier and a transistor, which handles the load 
current. Typically, a positive-reference-voltage circuit can handle only relatively small load currents. 
This consideration does not apply in the present circuit because the positive-reference-voltage unit 
is placed in the voltage feedback loop of the booster circuit in parallel with resistor R B . Thus, from 
the perspective of the positive-reference-voltage unit, R D is a constant load. This feature enhances 
the stability of the circuit by removing the load regulation factor. 

Provided that the offset voltage of the operational amplifier is low, the accuracy of the overall cir¬ 
cuit depends only on the accuracy of the positive-reference-voltage unit. The overall circuit draws 
very little power for its own operation. It can handle unexpectedly heavy loads; the feedback config¬ 
uration and the high gain provided by the combination of the operational amplifier and the transistor 
give the circuit a very low output impedance. The capacitors reduce the noise voltage and help sta¬ 
bilize the circuit. In the event that the load becomes a short circuit, R f) protects the transistor by lim¬ 
iting the load current. 
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PRECISION CURRENT SOURCE 


ON/OFF 



NATIONAL SEMICONDUCTOR Fig. 50-5 

A complete, battery-powered current source suitable for laboratory use is shown. The op amp 
regulates the voltage across the range resistors at a level determined by the voltage on the arm of the 
calibrated potentiometer, R3. The voltage on the range resistors is established by the current 
through Q2 and Q3, which is delivered to the output. 

The reference diode, Dl, determines basic accuracy. Q1 is included to ensure that the LM11 in¬ 
puts are kept within the common-mode range with diminishing battery voltage. A light-emitting 
diode, D2, is used to indicate output saturation. However, this indication cannot be relied upon for 
output-current settings below about 20 nA, unless the value of R6 is increased. The reason is that 
very low currents can be supplied to the range resistors through R6 without developing enough volt¬ 
age drop to turn on the diode. 

If the LED illuminates with the output open, there is sufficient battery voltage to operate the cir¬ 
cuit. But a battery test switch is also provided. It is connected to the base of the op-amp output stage 
and forces the output tow r ard V+. 
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1-kW POWER METER 



NATIONAL SEMICONDUCTOR Fig. 50-6 


The power meter shown uses only one transistor pair to provide the complete (X) (V) function. 
The circuit is intended for 117 Vac ± 50 Vac operation, but can be easily modified for higher or lower 
voltages. It measures true (nonreactive) power being delivered to the load and requires no external 
power supply. Idling power drain is only 0.5 W. The load current-sensing voltage is only 10 mV, keep¬ 
ing load voltage loss to 0.01%. Rejection of reactive load currents is better than 100:1 for linear loads. 
Nonlinearity is about 1% full scale when using a 50-pA meter movement. The temperature correction 
for gain is accomplished by using a copper shunt. (+0.32%/°C) for load-current sensing. This circuit 
measures power on negative cycles only, so it cannot be used on rectifying loads. 
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LOGIC CHIP TESTER 


-- 1 



ELECTRONICS NOW 


Fig. 50-7 


This device compares two logic signals and indicates whether the two logic signals are the same 
or different. To use the tester, first connect the test input to the suspect pin of the DIJT. Next, con¬ 
nect the reference input to the same pin of an identical reference chip that is known to be good. Push 
the reset button to begin the test; the green section of the bicolor LED will be illuminated. Any sig¬ 
nal on the test device that differs from the one on the reference device will then momentarily light 
the LED lamp that corresponds to that pin, and also latch on the red section of the bi-color LED. That 
indicates that the device under test is faulty. If the reference and DUT signals are the same, the DUT 
is OK, and the green LED will remain lit. 
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POWER SUPPLY FOR 10-MHz FREQUENCY 
STANDARD 


THREE-TERMINAL REGULATOR CURRENT 
SOURCE 


1N4001 x 4 



RADIO-ELECTRONICS Fig. 50-8 

This simple power supply can be used in place 
of battery B1 of the 10-MHz frequency standard. 

FOUR-WIRE RESISTANCE MEASUREMENT 
HOOKUP 


ici 

ECG956 



Clips 


ELECTRONICS now Fig. 50-9 

A three-terminal voltage regulator acts as a 
current source in this circuit. A resistor is being 
calibrated using a DMM and the current source. 


AUDIO FREQUENCY METER 


Reference 
current. I n 


Current' 

lead 


> Voltmeter 

I-► probes 

Leads of y 

resistor <o | Measured 
under <"* - , VOlta 9 6 

test < I 'o XH x 



-|a-1 

St 91 

'9V 



POPULAR ELECTRONICS 


Fig. 50-11 


ELECTRONICS now Fig. 50-10 

A true four-wire resistance measurement A pulse-shaper is used in a tachometer cir- 


hookup. 


cuit to drive a meter. 
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ELF MONITOR 


+ 9 V 



McGRaw-hill Fig. 50-12 

A telephone pick-up coil is used as a sensor for low-frequency magnetic fields. The signal is am¬ 
plified and detected, then used to drive a comparator. 


STRAIN-GAGE SENSOR 



ANALOG DEVICES Fig. 50-13 

In this loop-powered strain-gage sensor application, a 50-mV full-scale (FS) bridge output is am¬ 
plified and calibrated for a 4-20-mA transmitter output. Power is furnished by the remote loop sup¬ 
ply of 12 to 36 V. 
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MINUTE MARKER 



ELECTRONICS NOW Fig. 50-14 

The figure shows the schematic of a minute marker. The output of transformer T1 is 12.6 Vac 
at 60 Hz, which is rectified by D1 and regulated by IC4, and LM7805 regulator, to provide 5 Vdc 
for the circuit. The unrectified ac is bandpass-filtered by R1, R2, R5, Cl, and C2. Resistors R2 and 
R5 also form a dc-voltage divider, which biases the input of Schmitt trigger lC3-a to 2.5 V. The 
Schmitt trigger generates a 60-Hz square wave, which is fed to the input of TCI, a CE4040 12- 
stage binary counter. 

The outputs of the counter are a 4081 quad AND gate (IC2), and the decoded output is fed back 
to the reset input of the counter, which resets the counter when the desired count is reached. 

The pulse from IC2-d is inverted by Schmitt trigger IC3-d, and passed along to the output pulse 
generator. The output pulse is generated by two Schmitt triggers cross-connected as an RS flip-flop 
(JC3-b and IC3-c). The output of the flip-flop is fed to 3, R4, and C3, whose values set the output 
pulse duration. The output pulse duration (T) can be approximated by the formula T = 1.2 x C 3 x (ft 3 
+ i? 4 ). A positive or negative-going pulse is selected by SI, and buffered by the remaining AND gate 
(lC2-a). 


337 


















HDIGITAL BAROMETER 



POPULAR ELECTRONICS 


Fig. 50-15 


A pressure sensor is used in this application. This outputs a voltage to amplifier U2, and a 3 'A 
digit A/D converter module. It is calibrated to read barometric pressure in inches of mercury. 
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REFERENCE CIRCUIT 



ELECTRONICS DESIGN Fig • 50-16 

In this high-performance reference circuit, U1 is a device from the REF190 series producing de¬ 
vice-selectable outputs of 2.5, 4.5, and 5 V with simple, noncritical external circuitry. An Analog De¬ 
vices REF 19 X (see the table in the figure) is used to derive a reference voltage. 


TRANSISTOR MATCHING CIRCUIT 


+9V 



POPULAR ELECTRONICS Fig. 50-17 

In order to match two transistors, select Q1 and Q2 so that they give zero readings (or as close 
as possible) on a DVM. The DVM acts as a null detector. An analog meter can be substituted. SI 
should be set for an appropriate level of base current (approximately 8, 80, or 800 pA). 
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AUTO-RANGING DIGITAL CAPACITANCE METER 
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POPULAR ELECTRONICS Fig. 50-18 

This digital capacitance meter reads from 1 pF to 1000 pF. Basically, a timer (U4) uses the unknown 
capacitance to generate a pulse of duration, depending on the value of unknown capacitance, and the 
pulse duration is measured. The display is an LCD 0003 driven by a 74C947 counter/display driver. 
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ELECTROSCOPE 


CHARGE COLLECTOR 
(SHORT BARE WIRE OR 
SMALL METAL SPHERE) 



POPULAR ELECTRONICS Fig. 50-20 


This circuit is useful for detecting electrostatic 
charges. In operation, Cl reduces ac noise, but low¬ 
ers the sensitivity a bit. The MPF102 and R1 form a 
voltage divider. When the FET’s gate is earth- 
grounded, the divider’s output will be about 4.5 V 
giving a half-scale reading on Ml, a 200-pA meter. A 
positively charged object (like cotton-rubbed glass) 
will give a positive deflection from half-scale, and a 
negatively charged object (a. plastic comb, for ex¬ 
ample) will give a negative meter deflection. 

The whole circuit (including the 9-V battery 
supply) should be in a metal enclosure, and a short 
piece of bare wire makes a fine charge collector. 
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OPTICAL ISOLATOR WATTMETER 



ELECTRONIC DESIGN 


Fig. 50-21 


The quad-channel optical isolator, consisting of LED LI Llirough L4 and phototransistors Q1 
through Q4, is connected in a double bridge configuration. The arrangement serves to compute the 
four-quadrant product of ac line voltage and Z1 load current. The result is an accurate representa¬ 
tion of the true instantaneous power delivered to the load—even if the line voltage wanders and the 
load is reactive and nonlinear. This wattmeter function is, of course, optically isolated from the ac 
line, has full-scale limit of 1300 W, and is output with scale factor of 1 V/100 W. 
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DIGITAL THREE-PHASE WAVE GENERATOR 



Pfaau2 

Ptw»3 


ELECTRONIC DESIGN Fig. 50-22 

With a simple digital circuit, three-phase square waves can be produced from a single-phase 
square-wave signal source. The timing diagram shows that the second and third phases are 120° and 
240° behind the first phase, respectively. 

The frequency range over which the three-phase outputs will occur is limited only by the capa¬ 
bility of the logic used. The output frequency is % of the input frequency. 


SIMPLE TEST AUDIO AMPLIFIER 



ELECTRONICS now Fig. 50-23 

This circuit has a gain of about 20. A suitable power supply voltage is 5 to 12 V, depending on the 


desired audio output power level. 
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GATE DIP OSCILLATOR I 




A 


C 



MAXIMUM 

READING 


B 


WIRE 



POPULAR ELECTRONICS Fig. 50-24 

The typical dip meter is comprised of a tuning coil, RF oscillator, a detector, and a meter as 
shown in A. When the meter’s tuning coil is coupled to a tuned circuit resonating at the same fre¬ 
quency as the GDM, the reading dips (C). The GDM’s tuning coil can be coupled to the coaxial feed 
line of an antenna through a few (perhaps 2 to 3) turns of wire, and used to determine the antenna’s 
resonant frequency (D). 
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ACCELEROMETER (G METER) CIRCUIT 



POPULAR ELECTRONICS 


Fig. 50-25 


As this schematic shows, the ADXL50 accelerometer, U2, interfaces with an A/D converter, U3, to 
drive a 3^-digit LCD module, DISP1. Because that module displays any number from -19.99to +19.99, 
the circuit is designed to measure g’s within that range. The heart of the circuit is U2, the ADXL50 ac¬ 
celerometer. The sensitivity of that chip is set to ±20 g’s in order to accommodate the full scale capa¬ 
bility of LCD module DISP1 (19.99). Circuit gain is determined by the values of R4, R5, and R0, 
potentiometer R2, and R3 provides a way to manually set the zero-g voltage-output level at pin 9 of U2 
to half the supply voltage—2.5 V. That output voltage will vary linearly by 0.1-V/g of acceleration. 

In order to acliieve good circuit performance at low g levels, the bandwidth of the amplifier is 
limited to about 30 Hz by 06. The digital-display section of the circuit is composed of DISP1 and U3. 
Included in U3 are the A/D converter, clock oscillator, storage resistors and latches, 314-digit seven- 
segment decoders, and backplane generator. 

The differential analog input of U3 is applied between pins 30 and 31. The positive input, pin 31, 
is driven by output-pin 9 of U2 through R8, a buffer resistor, and the negative input, pin 30, is biased 
at a fixed voltage of 2.5 V by a voltage-divider string composed of R9 and RIO. 

A reference voltage is required by U3. Full-scale display, 19.99, occurs when the differential, ana¬ 
log input voltage applied between pins 31 and 30 is equal to twice the reference voltage. The decimal 
point of the LCD has to be illuminated to display readings from 0.00 to 19.99. That is done by invert¬ 
ing the backplane square-wave drive signal appearing at pin 21 of U3, through MOSFET Ql, and ap¬ 
plying the 180-degree out-of-phase signal to pin 12 of DISP1. 
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GATE DIP OSCILLATOR II 


TABLE 1—COIL WINDING DATA 


Band (MHz) 

Turns 

Wire Size/Type 

3.5 6.5 

45 

32-enameled 

6.5 11 

32 

26-enameled 

11 19 

14 

2G-enam0led 

15 24 

10 

20-enameled 

21 36 

7 

insulated connection wire 

32 56 

4 

insulated connection wire 

60 .110 

U-shaped* 

16 enameled 


* 1.8-inches long 



&-12V 


POPULAR ELECTRONICS Fig. 50-26 

Useful for measuring the resonant frequencies of antennas, tuned circuits, and also as a tuned 
detector, this circuit is a modem variation of the classic vacuum tube grid dip oscillator. It coupled 
the G.D.O. to a tuned circuit and caused RF energy to be absorbed by the unknown tuned circuit 
when the G.D.O. frequency was the same as that of the tuned circuit in question. This showed as a 
“dip” in the meter reading. 


346 


TWO REMOTE METERS 



ELECTRONIC DESIGN Fig. 50-27 

Two remote meters can be driven independently using just one wire pair. This “constant current” 
design eliminates the effects of wire-pair resistance up to 200 Q. Driving two remote meters inde¬ 
pendently usually requires two wire pairs (one pair for each meter). 

In the circuit,IC1 and IC2 generate a 40-Hz symmetrical square wave (the frequency isn’t criti¬ 
cal). Q5 through Q8 amplify the square wave to 5 V p-p, which is applied to the “return” (black wire) 
for the remote meters. 

Amplifier IC3A buffers the input signal voltage 7 mi , intended for meter Ml (0 to 8 V), and sends 
it through emitter-follower Q3 to a 100-Q current-sense resistor. The other end of this resistor is tied 
to the “supply” (red wire) of the remote meters. IG3B amplifies the voltage across the sense resistor, 
which corresponds to the current sent to remote meter Ml, and closes the feedback loop to IC3A. 

This results in a voltage of 0 to 8 V at the Ml input, generating a current of 0 to 10 mA to Ml. 
Transistor Q1 gates this current on and off synchronous to the 40-Hz square wave so that meter Ml 
actually sees a 50% 0-to-+10-mA peak (0 to 5 mA average) current. 

Similarly, IC3C, IC3D, Q2, and Q4 provide a 0- to -10-mA peak current for M2. Ml and M2 are 
isolated by the two-reverse-connected 1N914 diodes in the remote-meter box. Variable resistors 
across Ml and M2 permit calibration. The extra 1N914 diode in the M2 drive circuit prevents inter¬ 
ference between Ml and M2. 
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NOVEL RF POWER METER 


ARRA 4752-60D 

Voltage Controlled Attenuator 


+12V 




RF DESIGN 


Fig. 50-28 


The circuit matches the diode with a voltage-variable attenuator that has a logarithmic response. 
By varying the attenuation until the diode output is zero, the resulting attenuation value then corre¬ 
sponds to the input power level. Because the voltage-variable attenuator’s output is logarithmic, 
diode nonlinearities become negligible. 
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NANOAMMETER 


♦1.5V 


R. 



-1.5V 


NATIONAL SEMICONDUCTOR Fig. 50-29 

Potentiometer R2 provides an electrical meter zero by forcing input offset voltage V m to zero. 
Full-scale meter deflection is set by R1. Both R1 and R2 only need to be set once for each op amp and 
meter combination. For a 50-pA 2-k£2 meter movement, R1 should be about 4 kft to give full-scale 
meter deflection in response to a 300-mV output voltage. Diodes D1 and D2 provide full input pro¬ 
tection for overcurrents up to 75 mA. 

With an R,. resistor value of 1.5 MX2, the circuit becomes a nanoammeter with a full-scale reading 
Capability of 100 nA. Reducing R f to 3 k£2 in steps, as shown in the figure increases the full-scale de¬ 
flection to 100 jiA, the maximum for this circuit configuration. The voltage drop across-the two input 
terminals is equal to the output voltage {V ( ) divided by the open loop gain. Assume that an open loop 
gain of 10,000 gives an input voltage drop of 30 pV or less. 




Resistance Values for 
DC Nano and Micro Ammeter 


1 FULL SCALE 

R t m 

R 'f [n] 

100 nA 

1.5M 

1.5M 

500 nA 

300k 

300k 

1 pA 

300k 

0 

5pA 

60k 

0 

10 pA 

30k 

o 

50 pA 

6k 

0 

100 pA 

3k 

0 
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1.5-V LOGARITHMIC LIGHT LEVEL METER 



NATIONAL SEMICONDUCTOR 


Fig. 50-30 


A portable light-level meter with a five-decade dynamic range is shown. The circuit is calibrated 
at mid-range with the appropriate illumination by adjusting R2 such that the amplifier output equals 
the reference and the meter is at center scale. The emitter-base voltage of Q22 will vaiy with supply 
voltage; so R4 is included to minimize the effect on circuit balance. If photocurrents less than 50 nA 
are to be measured, it is necessary to compensate the bias current of the op amp. 

The logging slope is not temperature compensated. With a five-decade response, the error at the 
scale extremes will be about 40% (a half stop in photography) for a ±18°C temperature change. 

If temperature compensation is desired, it is best to use a.center-zero meter to introduce the off¬ 
set, rather than the reference compensation. It can be obtained by making the resistor in series with 
the meter a copper wire-wound unit. 

If this design is to be used for photography, it is important to remember that silicon photodiodes 
are sensitive to near-infrared light, whereas ordinary film is not. Therefore, an infrared-stop filter is 
called for. A blue-enhanced photodiode or an appropriate correction filter would also produce best 
results. 
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ac POWER MONITOR 


4X1N40D4 2.7 M 



All capacitors in microfarads. 

Diodes are 1N914 excepl where oltierwise noted. 


ELECTRONIC DESIGN Fi 9- 

The 0- to 130-V voltmeter and neon “AC PWR” lamp provide an average indication of the ac 
power. The fuse and metal oxide varistor (MOV) protect the monitor against overvoltage spikes. 

Four 1N4004 diodes rectify the ac voltage, generating negative-going pulses twice per cycle 
(every 8.33 ms for 60-Hz power). Variable-resistor FI supplies a reduced amplitude sample of these 
pulses to a missing pulse detector consisting of Ql, IC1, and associated circuitry. As long as the pulse 
amplitude exceeds the threshold value set by Rl, 1C1 continually triggers, keeping its output high. 
When the pulse amplitude drops below the threshold value, IC1 times out with a time constant set by 
variable resistor R2 and the 0.47-pF capacitor. R2 is calibrated to read the number of cycles required 
for a dropout indication. It can be set between 1 cycle (about 17 ms) and 30 cycles (0.5 second). 

When IC1 times out, its output goes low. This turns on LED1. The low output also triggers 1C2, 
wliich is configured as a set-reset flip-flop. This turns on LED2. When the voltage returns to normal, 
IC1 again starts triggering and its output returns liigh, turning off LED1. LED2, however, remains on 
until the manual reset button is pressed. 

The circuit is powered by a 9-V battery and is assembled in a plastic or grounded metal case. No¬ 
tice that there’s no isolation between the ac power line and the monitor circuitry. Be careful to avoid 
-electrical shock when testing the circuitry. 
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100-W VARIABLE RESISTOR SIMULATOR 



ELECTRONIC DESIGN 


Fig. 50-32 


Variable resistive loads with precise load steps often are required in automatic testers used to 
lest and calibrate power supplies. The action of a high-power (100 W) variable resistor can be simu¬ 
lated with the circuit shown. 

The voltage drop across R1, which is proportional to the FET current, is compared against a vari¬ 
able input voltage reference using a high-gain op amp. Error voltage developed by the amplifier drives 
the gate, controlling the transconductance of the FET. 

Power dissipation is limited by the safe-operating-area curve of the selected FET. The FET 
should be mounted, onto a properly sized heatsink or a heatsink-fan combination to maintain its case 
temperature within safe limits. The circuit is designed to dissipate a maximum power of 100 W if the 
FET-case temperature is maintained below 50°C. The potentiometer (RV1) can be replaced by a dig- 
ital-to-analog converter so that it can adapt to the computer control for use in automatic testers. 
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IMD TEST CIRCUIT FOR PIN DIODES 


QST 


INPUT 5 pf 5 p p OUTPUT 



Fig. 50-33 


A loosely coupled timed circuit, for testing IMD production by PIN and tuning diodes in a narrow- 
band preselector, SI, TUNING, selects whether 01 or a pair of back-to-back MV1650 tuning diodes 
resonate LI. S2, PIN, adds or removes an MPN3700 PIN diode in series with 01. LI consists of 33 
turns of #28 enameled wire on a t-37-6 toroidal powdered-iron core. The MV1650, a “20-V” tuning 
diode, exhibits a nominal capacitance of 100 pF at a tuning voltage of 4 V. 


VCO AND INPUT FREQUENCY COMPARER 



ELECTRONIC DESIGN Fig. 50-34 

Oomparison of an input signal’s frequency C/j) with that of voltage-controlled oscillator (/ VG0 ) 
can be accomplished with just one CMOS phase-locked loop IC and a transistor (see figure). The 
phase and the frequency can be compared with a phase comparator, which, along with the VCO, is 
part of the HEF4046 PLL IC. The transistor helps introduce hysteresis, enabling the circuit to be 
used as a switch driver. 
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ECG AMPLIFIER WITH RIGHT LEG DRIVE 



BURR-BROWN 


Fig. 50-35 


POWER TRANSFORMER TESTER 


T1 


Variac 

FI 0 to 130 Vac 



Danger 

high 

voltage 


WILLIAM SHEETS 


Fig. 50-36 


Very often a power transformer is suspect and connecting a shorted transformer to an ac source 
can be hazardous. This test method will detect a defective or shorted transformer. The primary of the 
power transformer is energized through a Variac (0 to 130 Vac) and a lamp equal in wattage to about 
half that of the transformer under test. Connect, the transformer, set Variac at zero, then energize cir- 
cuit. Apply voltage to suspected transformer (Tx) as shown. The lamp should not light. If it does, Tx 
is shorted. Next, short the secondary of suspected Tx. This time, the lamp should light. For multiple 
winding transformers, repeat for each secondary winding. Beware of the shock hazard as the open 
windings of Tx can develop full-rated voltage. 
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4- TO 20-mA PROCESS CONTROLLER 


VlOOP 
3.3V TO 30V 



The figure shows how to use an LTC1453 to make an optoisolated digitally controlled 4- to 20-mA 
process controller. The controller circuitry, including the optoisolator, is powered by the loop voltage 
that can have a wide range of 3.3 V to 30 V. The 1.22-V reference output of the LTC1453 is used for 
the 4-mA offset current and V^ UT is used for the digitally controlled 0- to 16-mA current. R s is a sense 
resistor and the LT1077 op amp modulates the transistor Q1 to provide the 4- to 20-mA current 
through this resistor. The control circuitry consumes well under the 4-mA budget at zero scale. 


SIMPLE HIGH-CURRENT MEASURER 



NEUTRAL 


POPULAR ELECTRONICS Fig. 50-38 

Testing heavy-load devices with a ten-amp maximum meter can be accomplished with this 
straightforward meter add-on. If done right, it could be made from a high-current extension cord. J1 
and J2 are well-insulated jacks to accept meter probe tips. 
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ANALOG CIRCUITRY CALIBRATOR 


DIGITAL 

CONTROL 



XIC0R Fig. 50-39 

Ail XICOR X9241 Quad POT IC can be used to digitally adjust four analog circuits, as shown in 
the example schematic. 


SIMPLE SIGNAL GENERATOR FOR SIGNAL TRACING 


OUTPUT 



POPULAR ELECTRONICS pig. 50-40 

A simple R-C oscillator generates a harmonic-rich waveform for signal injection. 
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SIMPLE HARMONIC DISTORTION ANALYZER 



POPULAR ELECTRONICS Fig. 50-41 

This simple circuit lets you accurately measure the total harmonic distortion (THD) using your 
true-RMS voltmeter. 

This THD circuit is somewhat different from the usual types: it can operate at the standard fre¬ 
quency of 1000 Hz, but it also is tunable from 970 Hz to 1030 Hz, and has an adjustable Q factor of 
0.3 to over 50. Op-amp IJ1, a TLC272 CMOS unit, contains the two voltage-followers required’to 
buffer the input, to the bootstrapped twin-T notch filter. Tuning is accomplished by Rl, R2, and R3, 
which are standard linear-taper slide pots “ganged" together by mounting them side-by-side and glu¬ 
ing their sliders together. The only other important construction hint is to use twisted pair at the cir¬ 
cuit’s input and output. 

To calibrate the circuit, input a 1000-V RMS signal at 2000 Hz, set SI to TEST, and adjust R7 for 
a reading of 0.99-V RMS on a true-RMS voltmeter at the output. 

To use the circuit, set SI to TUNE, input a 1000-Hz sine-wave signal to ..the amplifier under test, 
and set the amplifier’s output to the THD adapter and tune R1/R2/R3 for the lowest output signal. 
Then, set SI to TEST and read the RMS voltage. To calculate the percent THD use: 

THD = \ x 100 
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SOUND SUBCARRIER GENERATOR 



WILLIAM SHEETS /r/g 50-42 

This circuit will generate an FM sound subcarrier at 4.5 or 10.7 MHz for FM and TV IF testing 
and alignment. Q1 is an audio amplifier and Q2 is a VCO modulated by an MV2112 varactor. Devia¬ 
tion up to 1% of frequency can be obtained. L is chosen to resonate with the circuit capacitance to 
either 4.5 or 10.7 MHz. The values will be around 2 to 10 pH, depending on the frequency. 


INDUCTANCE AND CAPACITANCE DETERMINER WITH SWR BRIDGE 


SWR Short Piece of 

Analyzer RG-58 or RG-8 



QST 

At resonance, the SWR will be 1:1 with a 50-12 resistance, as reactance is zero 
known: 

LVJ 

LXcl = UTlI = -i- = 2* fL 
AnfL 

l - 1 r - 1 

unknown (2 7l/) 2 C unknown (2lZf) 2 L 


Fig. 50-43 

. If either L or C is 
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MOTORCYCLE TUNE-UP AID 


END 

CAP 



(TO 

IGNITION 

COIL) 



POPULAR ELECTRONICS 


Fig. 50-44 


Performing a tune-up on a newer bike is made a lot easier with this helpful circuit. Because of 
the high voltages present, make sure that SI has an insulated handle,and that the fixture is 
grounded. With the ignition turned off, remove one of the spark plug wires and connect it to the 
spark plug on the fixture. Slip the fixture’s end cap over the spark plug on the cycle and you’re ready 
to go. Open SI and start the engine. Then, close SI; the cylinder with the fixture should not fire and 
a spark should be seen at the fixed gap. Be sure that the fixture is connected to the engine ground 
before closing SI. 
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50-MHz FREQUENCY COUNTER 
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10-MHz FREQUENCY STANDARD 
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PROGRAMMABLE CAPACITOR CIRCUIT 


+V 



McGRAW-HILL 


IC1 

CD4066 quad bilateral switch 

Cl 

10-pF, 25-V capacitor 

C2 

22-|iF, 25-V capacitor 

03 

47-pF, 25-V capacitor 

C4 

100-pF, 25-V capacitor 

C5 

1-jjlF, 25-V capacitor 

C6 

0.1-j.iF, 25-V capacitor 


The programmable capacitor can be very useful in circuits where you need to switch capacitance 
values. Remember that the “ON” resistance of IC1 appears in series with the capacitors and must be 
taken into account in some applications as it is not negligible. 
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PROGRAMMABLE RESISTOR CIRCUIT 



McGRAW-HILL 


IC1 

CD4066 quad bilateral switch 

Cl 

0.1-|iF capacitor 

R1 

10-kQ, K-W 5% resistor 

R2 

4.7-k^, %-W 5% resistor 

R.3 

2.2-kQ, i -W 5% resistor 

R4 

1-kQ, ‘/4-W 5% resistor 

R5 

1-MO, %-W 5% resistor 


A programmable resistor can replace a potentiometer or fixed resistor. Remember that the “ON” 
resistance of-ICl might have to be taken into account in some applications. 
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51 

Metronome Circuits 

The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Audible Metronome 
Visual Metronome 
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AUDIBLE METRONOME 


-4-5 V 



IC1, IC2 

LM3909 LED flasher/oscillalor 

C3 

47 |xF 10 V electrolytic capacitor 

IC3 

7400 quad NAND gate 

C4 

0.01 jxF capacitor 

SPKR 

small loudspeaker 

R1 

50 kil potentiometer 

SI 

SPST switch 

R2 

3.3 kfl V« W 5% resistor 

Cl 

1 p.F 10 V electrolytic capacitor 

R3 

47 kll 'k W 5% resistor 

C2 

100 |aF 10 V electrolytic capacitor 

R4 

500 fi potentiometer 


McGRAW-HILL Fig. 51-1 

IC1 generates an audible frequency while a variable very low frequency is generated by IC2. R1 
sets the metronome rate. The two signals are combined in IC3. 
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VISUAL METRONOME 


+1.5 V 



IC1 

LM3909 LED flasher/oscillator 

C2 

47 ixF 6 V electrolytic capacitor 

D1 

LED 

R1 

50 kfl potentiometer 

SI. S2 

SPST switch 

R2 

3.3 kfl V4 W 5% resistor 

Cl 

100 m-F 6 V electrolytic capacitor 




MCGRAW-HILL 


Fig. 51-2 
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Miscellaneous Treasures 


Th e sources of the following circuits are contained in ..the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


MOSFET Drive Current Booster 
Simple Event Counter 
Frequency Doubler 
Atmosphere Noise Monitor 
Tachometer Derived from Brushless Shaft Angle 
Resolver 
Vocal Stripper 

Vocal Stripper Power Supply 

Single-Chip Message System 

Television Vertical Deflection Circuit 

Tone Burst Generator 

Audio Volume Limiter 

Simple Intercom for Noisy Environments 

Ditherizer 

Triac Lamp Dimmer Circuit 

500-ksps 8-Channel Data Acquisition Circuit 

Hydrophone 

Your Name in Lights 


Underwater Microphone 
Pulse Echo Driver 

Simple Pseudorandom Voltage Source 

TV Horizontal Deflection Circuit 

Muting Circuit 

Simple Remote Gain Control 

Loop Oscillator Eliminator 

1-A Voltage Follower 

Electronic Fish Lure 

Heartbeat Transducer 

Contact Debouncer 

Positive Feedback Cable Terminator 

xlO Frequency Multiplier 

Jacob’s Ladder 

Master-Slave Device Error Checker 
Ground Loop Preventer 
Dual Tone Generator for Audio Servicing 
Diodeless Peak-Hold Circuit 
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MOSFET DRIVE CURRENT BOOSTER 



ELECTRONIC DESIGN 


Fig. 52-1 


A clean and inexpensive way to eliminate the floating-gate supply is to use the voltage available 
at the MOSFET’s drain to drive its gate. Tying the collector of Q1 (a high-voltage, small-signal, 400- 
V NPN) to the MOSFET’s drain supplies sufficient gate-drive voltage when it’s needed most—when 
the MOSFET’s drain-to-source voltage is high. Two such circuits used back-to-back form an ac relay. 

Using the emitter follower attached to the drain increases gate-drive current and decreases the 
MOSFET’s turn-on time by a factor equal to the high-voltage NPN’s beta. The resulting drain-to- 
source voltage fall times depend on the MOSFET’s size and its required gate charge. The circuit 
that’s used gives a fall time of 200 (is for an MTP10N2f5 10-A, 250-V MOSFET. With such, fall times 
cutting switching losses, pulse-width modulation at frequencies under 100 Hz is possible. 

During tune-on, U DS falls rapidly until it reaches the sum of the 1N914 diode’s 0.7-V drop, the col¬ 
lector-emitter saturation voltage of Ql, and the gate-to-source voltage required to support the load cur¬ 
rent. At that point, the diode array completes the MOSFET’s tum-on, unaided by the buffer. This slows 
the fall of V Dii considerably when it reaches about 5 to 7 V. In liigh-voltage, low-frequency systems, tail¬ 
ing of V vs is tolerable because the tail’s voltage magnitude constitutes a small fraction of the switching 
voltage. The IN914 makes it possible for U GS to exceed U DS as the MOSFET completes turn-on. 
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SIMPLE EVENT COUNTER 



POPULAR ELECTRONICS Fig. 52-2 

SI is a.power switch. U2 drives counter U3 by producing a pulse when S2 is depressed. U4 and 
DISP1 read the count of counter IC U3. S3 is a reset to zero switch. The counter is a basic orie-digit 
circuit useful as a holding block or by itself. 


FREQUENCY DOUBLER 



NC = NO CONNECT 


ANALOG DEVICES Fig. 52-3 

An Analog Devices AD734 four-quadrant analog multiplier is used as a frequency doubler. 
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ATMOSPHERE NOISE MONITOR 



POPULAR ELECTRONICS Fig. 52-4 

Tune an unmodified transistor radio to an unused frequency near 540 kHz that’s free of broad- 
cast-station interference; the receiver is used to pick up sferics. The received signal is fed from the 
receiver’s earphone jack through a patch cord to the input jack (Jl) of the circuit. The back-to-back 
audio transformers, T1 and T2, provide a suitable impedance match and signal level when the unit is 
used with various receivers. 

Diode D1 rectifies the audio input, from the receiver to pulsating dc, wliich is filtered by Cl, Rl, 
and C2 to provide a time constant of several minutes. That dampens out fluctuations in most cases, 
unless lightning flashes are very infrequent. 

The voltage appearing at the output of the filter is a function of signal strength transferred by Cl. 
Switch SI is included to provide a convenient way to discharge the capacitors, if adjustments are re¬ 
quired during a monitoring session. 

Integrated circuit U1 (one section of an LM324 quad pro op amp) is used as a high input-resis¬ 
tance voltmeter. Resistors R2 and R3 determine amplifier gain, and potentiometer R4 is used to ad¬ 
just full-scale meter deflection for a suitable voltage level at the input. A value of 1.5 V has been 
satisfactory for use with several receivers tried, but they can be changed. 

If the monitor is to be used only as a meter, the milliammeter can be connected directly between 
R4 and chassis ground, omitting R5, S3, J2, and J3. The latter components provide suitable output 
for use with a chart recorder having a full-scale range of either 10 mV or 1 mA. The circuit, when 
powered from a 9-V battery, draws about 1 mA. 
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TACHOMETER DERIVED FROM BRUSHLESS SHAFT ANGLE RESOLVER 

Demodulator Circuits 

Demodulator Circuits r-—i 
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VOCAL STRIPPER 



RADIO-ELECTRONICS Fig. 52-6 

The schematic of the lead vocal filter is shown in the figure. The left and right channel signals are 
coupled through Cl and C2 to buffer amps IC4-a and IC4-b. From the buffer amps, the left and right 
channel signals pass through active crossovers lC5-a and IC5-b, sending all low frequencies to a final 
mixer IC6-c., and all middle and high frequencies to analog delay lines IC1 and IC2, RD5106 256-sam- 
ple bucket-brigades. Integrated circuit IC2 delays the left-channel signal by 2.4 ms, set by the fixed- 
frequency clock generated by 'AIC‘3, R47, and C24. The right channel signal is delayed by IC1 with a 
variable-frequency clock generated by 'AIG3, R48, R49, and C23. Potentiometer R49 is.uscd for phase 
adjustment. 

The output of each delay line from IC1 and IC2 passes through low-pass filters IC6-a and -d, and 
their associated parts, to filter out high-frequency sample-steps produced by IC1 and 1C2. Balance 
control R36 is adjusted for equal amplitude of the left and right channels. IC6-b is a difference am¬ 
plifier that cancels all lead vocals that are common to both channels. The resulting signal from IC6-b 
is remixed with low frequencies by IC6-c and is then sent to the output via buffers IC4-c and IC4-d. 
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SINGLE-CHIP MESSAGE SYSTEM 



ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 52-8 

The ISD1016 is a complete analog audio record/playback system on a chip. The analog signal is 
sampled and the samples stored in an EEPROM as analog levels. Upon playback, the analog data is 
read out arid amplified. Up to 16 seconds of data (audio) can be stored. 
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CIRCUIT 


+ 12 V 
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Fig. 52-9 


i mH + 0.3 Q) in this deflection circuit. R8 samples 
[ting in a very linear current ramp through the yoke. 




TONE BURST GENERATOR 


+v 



McGRAW-HILL F, 9- 52-10 

The burst length is digitally controlled by inputs A, B, C, D. This input selects the necessary val¬ 
ues of R and C. The circuit shown in the figure generates a burst of tone followed by a silent period, 
then another tone burst is sounded and so forth. The timing of the tone bursts is digitally controlled 
via the CD4066 (IC2). A parts list for this circuit is given in the table. 


IC1 

556 dual timer (or two 555 timers) 

C5 

0.047-pF capacitor 

IC2 

CD4066 quad bilateral switch 

R1 

100-kii, W 5% resistor 

Cl 

1-fiF, 25-V electrolytic capacitor 

R2, R4 

220-kQ, 'A -W 5% resistor 

C2 

4.7-pF, 25-V electrolytic capacitor 

R3 

680-kft, 14-W 5% resistor 

C3 

lO-pF, 25-V electrolytic capacitor 

R5 

12-kQ, 14-W 5% resistor 

04, C6 

0.01 -pF capacitor 

R6 

4.7-kQ, 14-W 5% resistor 
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AUDIO VOLUME LIMITER 




RADIO-ELECTRONICS Fig. 52-11 

In this circuit, amplifier ICl-a provides signal amplification of-40 to +40 dB depending on the 
value of the LDR. The LDR (light dependent resistor) is driven by rectified audio from voltage fol¬ 
lower IClb and bridge rectifier D1 through D4. 

SIMPLE INTERCOM FOR NOISY ENVIRONMENTS 

(TO 

MOTORCYCLE 

BATTERY) 

R4 .-*-^ 

i 


POPULAR ELECTRONICS Fig. 52-12 

This intercom was originally designed for motorcycle to passenger communications. A simple 
“passenger-to-pilot” intercom circuit is shown. Two LM386 ICs are connected in a low-gain amplifier 
circuit with the headphone output of one paired to the microphone input of the other. The micro¬ 
phones are electret elements and the earphones can be of the in-ear type or of the small stereo/mono 
type that will fit inside a helmet. Both amplifiers in the circuit operate at a minimum gain of 20 dB. 
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DJTHERIZER 



TRIAC LAMP DIMMER CIRCUIT 


Lamp Lf 


— o- 

100//H 

^ R . 

Q2 1 




RCA 41 


4 


T2800B 


c F 

15 kXi 


K • i 

p 0.1/zF ■ 

-VA— 

r( g-) 

y 120 Vac 


R1 

VC/qi 

60 Hz 

Cl 

C2 

RCA 


0.1 

* 0.1 : 

' D3202U 


M F 


- i 




Snubber network 


For 220-V, 50/60-Hz Operation, 
replace T2800B with T2800D. 


McGRAW-HILL Fig. 52-14 

The brightness of a lamp or lamps can be varied with tills circuit. The snubber circuit values are 
typically 0.1 uF and 100-SX R s is typically 25 to 100 kfl 
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500-ksps 8-CHANNEL DATA ACQUISITION CIRCUIT 

5V 



LINEAR TECHNOLOGY Fig. 52-15 

The high input impedance of the LTC1278 allows multiplexing without a buffer amplifier. Both sin¬ 
gle channel and multiplexed high-speed data acquisition systems benefit from the LTC1278/LTC1279’s 
dynamic conversion performance. The 1.6-ps and 1.4-p.s conversion and 200-ns and 180-ns S/H acqui¬ 
sition times enable the LTC1278/LTC1279 to convert a 500 ksps and 600 ksps, respectively. The figure 
shows a 500-ksps 8-channel data acquisition system. The LTC1278’s high input impedance eliminates 
the need for a buffer amplifier between the multiplexer’s output and the Adc’s input. 


HYDROPHONE 



A commercially available hydrophone transducer is used in this system. The transducer is con¬ 
nected via a cable to the amplifier, which remains out of the water. The hydrophone should be suit¬ 
ably mounted for intended application. 
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YOUR NAME IN LIGHTS 



73 AMATEUR RADIO TODAY Fig. 52-17 

This circuit will enable you to put a name or callsign in lights using seven-segment LEDs. The 
display will spell the desired name out sequentially. Select the correct type of LED. Solder the cor¬ 
rect leads together to form the letters you want. Alter mounting the appropriate current-limiting re¬ 
sistor, the 7445 can only sink 80 mA, so a PNP transistor is needed to handle the current required to 
light the letters. The heart of the circuit is a 555 oscillator into a 7490 decade counter, which is de¬ 
coded by a 7445 open-collector driver chip. 

UNDERWATER MICROPHONE 


R5 +9V 



ELECTRONIC HOBBYISTS HANDBOOK Fig. 52-18 

Tliis circuit uses a TBA820 audio IC to amplify undemater sounds. The microphone must be wa¬ 
terproofed. This project was originally used in a home aquarium to monitor fish sounds. 
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PULSE ECHO DRIVER 



Xi 


To 

receive 

elraitry 


ELECTRONIC DESIGN 


Fig. 52-19 


This pulse-echo driver uses the OPA2662 dual operational transconductance amplifier (OTA) 
from Burr-Brown (the receive circuitry isn’t shown). The OTA is preferable over an op amp for driv¬ 
ing low impedances because it provides a current output rather than a voltage output. 

Ultrasonic pulse-echo applications often incorporate a transformer-coupled crystal to obtain a 
high-voltage pulse because the echo can be orders of magnitude smaller in amplitude. The trans¬ 
former turns ratio also provides tuning at the resonant frequency of the crystal, which usually means 
a relatively low-impedance primary winding. 

An operational transconductance amplifier (OTA) is preferred over an op amp to drive such a 
low impedance. One particular application involves a pulse-echo driver circuit using the OPA2662. 
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SIMPLE PSEUDORANDOM VOLTAGE SOURCE 


R3 < R4 < R5 < R6 . 


1 4 8 11 


6 s ''-•*“ J j Jo 

12' r 2 ‘ r 3” 4*V J MO 


r 


5 

2 

IC4 

4 

8 


IC1—IC4 LM3909 LED flasher/oscillator 

IC5 CD4066 quad bilateral switch 

Cl 100 (J.F 6 V electrolytic capacitor 

C2 220 p-F 6 V electrolytic capacitor 

C3 330 jiF 6 V electrolytic capacitor 

C4 470 m-F 6 V electrolytic capacitor 

C5 0.01 p.F capacitor 

R1 33 kH Vi W 5% resistor 

R2 10 kn V4 W 5% resistor 

R3,R8 47 kfi V4 W 5% resistor 

R4 68 kil i/« W 5% resistor 

R5 100 kft Vi W 5% resistor 

R6 220 kfi Vi W 5% resistor 

R7 1 MQ Va W 5% resistor 


McGRAW-HILL Fi 9- 52-20 

An approximation to a pseudorandom voltage is produced by combining the outputs of four low- 
frequency oscillators with 0.3, 0.6, 0.9, and 1.4 Hz frequencies. The summing network is a quad bi¬ 
lateral switch and resistor network. 
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TV HORIZONTAL DEFLECTION CIRCUIT 



382 


McGRAW-HILL f ig_ 52-21 

The circuit illustrates the method of using two SCR devices in a TV horizontal deflection application. This circuit was widely 
used by certain TV manufacturers as an alternate to the vacuum tube or transistor deflection circuit. 





Q3 bias current is 1 mA, and dc output voltage is about 5.8 V with an ac gain of about -1, Q1 and Q2 
form a current switch and Q3 acts as a constant current source. 

For unmuted operation, V c = 0 Vdc, and all of the bias current flows through Ql. Consequently, 
the circuit operates as a normal common emitter stage, with ac gain = -R L /R KV When V c = 5 Vdc, all 
of the bias current flows through Q2, reducing the signal gain to zero. However, because the same dc 
current flows through R { in both cases (unmuted and muted), the bias point at the output remains 
fixed. The CJR VA network is required to bypass the Q3 current source (which is a high impedance) 
to achieve a low ac impedance at the emitter of the Ql common emitter stage during unmuted oper¬ 
ation. C c is chosen to be a short circuit at signal frequencies of interest. The circuit works best if the 
Ql and Q2 pair is matched. Typical change in the output dc voltage from unmuted to muted condi¬ 
tion is <5 mVdc. 

R v R e , and are chosen for desired dc operating conditions and signal dynamic range. F bias 
can be generated via a V cc voltage divider. The signal at V. m can be ac coupled, but a bias circuit must 
be added to Ql’s base to generate a dc component. R m is chosen for desired ac gain. V. n must be cen¬ 
tered about a dc component, and, to assure proper switching action, V (r? R L must be higher than V. m 
by an amount greater than one V BE drop. 
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SIMPLE REMOTE GAIN CONTROL 


+6 V 



GND 


XIX 



w 


+5V 


REMOTE CONTROL OF GAIN using a digital audio resistor is possible with this circuit scheme (a). It requires only three ICs and 
a single 5-V supply to provide gain control via a PC printer port. The input signals to U1 from the printer port are given (b). 


100 REM LPGAIN.BAS 

120 REM GAIN CONTROL FROM PC PRINTER PORT 
200 OPEN "LPT1;" FOR OUTPUT AS #1 
210 INPUT "GAIN UP OR DOWN <l/0): X 

220 IF X<0 OR X>1 THEN GOTO 210 
300 REM 

310 INPUT "NUMBER OF COUNTS: C 

320 REM SUBROUTINE WOULD START HERE 
330 PRINT #1, CHR$(X); 

340 C - C-l : IF OO THEN GOTO 330 
.350 PRINT #1, CHR$ (3) 

360 GOTO 210 
380 RETURN 


ELECTRONIC DESIGN 


Fig. 52-23 


The listing is a test program that demonstrates circuit operation using an IBM-compatible PC. To 
form a subroutine for a main program, use lines 330 to 380, deleting line 360. The-calling program 
then would pass values for X (wiper direction) and C (number of increments). 
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LOOP OSCILLATOR ELIMINATOR 



Phase 



ELECTRONIC DESIGN 


Fig. 52-24 


This circuit uses negative feedback to a digital-to-time converter, and can supply a current con¬ 
trolled delay to replace the oscillator in a phase-locked loop that handles input frequencies from 40 
kHz to 40 MHz. 

A current sourced into the inverting input of the op-amp integrator’s summing node can phase 
shift the pulses at F in relation to those at E by up to 180°. 
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1-A VOLTAGE FOLLOWER 


C4 

1*»Ft 



T£"* 


NATIONAL SEMICONDUCTOR 

This power voltage follower is good to 300 kHz. 



ELECTRONIC FISH LURE 



73 AMATEUR RADIO TODAY 


Fig. 52-26 


The click-click sound lures fish to the vicinity, where your bait or lure can do the rest. The trans¬ 
former is a subminiature type with a 500-52, center-tapped primary and a 3.2-52 secondary. Put the 
circuit in a watertight container and lower it into the water. 


HEARTBEAT TRANSDUCER 




IR LED PHOTOTRANSISTOR 


POPULAR ELECTRONICS Fi 9- 52-27 

A simple heart-beat transducer can be made from an infrared LED and an infrared phototran¬ 
sistor. It works because skin acts as a reflective surface for infrared light. The IR reflectivity of one’s 
skin depends on the density of blood in it. Blood density rises and falls with the pumping action of 
the heart. So the intensity of infrared reflected by the skin (and thus transmitted to the phototran¬ 
sistor) rises and falls with each heartbeat. 


CONTACT DEBOUNCER 



ELECTRONICS NOW F ‘9- 52-28 

A contact debouncer using a Schmitt trigger, such as a TTL7414, provides a “clean” pulse from a 
switch contact closing. 
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POSITIVE FEEDBACK CABLE TERMINATOR 



Z 0 = 51 

ELECTRONIC DESIGN pig. 52-29 

Positive feedback along with a series output resistor can provide a controlled output impedance 
from an op-amp circuit. The circuit is useful when driving coaxial cables that must be terminated at 
each end in their characteristic impedance, which is often 50 H. Adding a 50-H series resistor on the 
op amp’s output obviously reduces the available signal swing. 


xIO FREQUENCY MULTIPLIER 



Fig. 52-30 


In this circuit, the CD4046 is set up so that the V co operates at 10 to 100 kHz. The output pin (4) 
is fed back to a *10 counter. When the input frequency is '/w the output, lockup will occur. 
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JACOB’S LADDER 


H-2-h 



A “Jacobs Ladder” can be made from an old neon sign or oil burner ignition transformer. A rat¬ 
ing of 12 to 15 kV at 20 to 30 mA will be adequate. Make sure to mount the electrodes to a pair of in¬ 
sulators, at least 2" apart, and bent and spaced, as shown. The ladder should be enclosed in a clear 
plastic housing to prevent accidental contact with the high voltage and to ensure a stable arc. Vent 
holes should be placed top and bottom to allow gases to escape. 


MASTER-SLAVE DEVICE ERROR CHECKER 



ELECTRONIC DESIGN Fig. 52-32 

All error-check mechanism introduced into master and slave communication devices can indi¬ 
cate mismatches when both the master and slave start sending data simultaneously. The error flag 
goes high and indicates a mismatch in the data. 

The master is the one that can interrupt the communication from a device at the other end and 
force it to listen. It does this forcing a low voltage level over the communication line by raising the 
control line to a high level. This inhibits data flow over the lines from the slave device. As a result, the 
slave turns into a listen mode (not a hardware feature, but rather incorporated in the software). The 
slave device can transmit the data after communication from the master device ceases. 
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GROUND LOOP PREVENTER 




ELECTRONICS NOW pjg 52-33 

Ground loops are caused by improper grounding. Ground-loop voltages can interfere with test, 
measurements because the voltages in a ground loop can be larger than the signals you’re trying to 
measure. To prevent ground loops, use two wire plugs to provide the line power to the test instru¬ 
ments and a separate wire to bring the input grounds of the instruments to a common ground. 


DUAL TONE GENERATOR FOR AUDIO SERVICING 



POPULAR ELECTRONICS pjg 52-34 

This dual-tone generator can insert a distinctive toncin the audio section of a circuit under test. 
That way you can work your way back from the speaker, stage-by-stage, to locate a faulty section. 
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DIODELESS PEAK-HOLD CIRCUIT 



ELECTRONIC DESIGN Fi 9- 52-35 

The input pulse is fed into the sample-and-hold amplifier (an inexpensive AD582), as well as the 
comparator U3. The SHA’s output also is fed into the comparator. If the input pulse is higher in am¬ 
plitude than the SHA’s output, the comparator output goes low and the 4538 one-shot produces a 10- 
ps pulse that is fed back to cause the SHA to sample and then hold the voltage. Subsequent input 
voltages that are less than the held value won’t cause the one-shot to fire again. 

Gates (J4A and IJ4B are used to inliibit the sampling when necessary. Gates U4C and U4D, at the 
one-shot’s output, can force the AD 582 into the sample mode. This feature is useful to reset the output 
to zero by forcing a sample when the input to the AD582 is zero. The polarity of the peak-hold circuit 
can be easily changed from positive-to-negative.peak hold by reversing the inputs of the comparator. 
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Mixer Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Simple Audio Mixer 
Op-Amp Audio Mixer 
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SIMPLE AUDIO MIXER 


Inputs 3 



ft 

V 1 

47 \iF 

___ 



J\ 

1 

s 



Output 


WILLIAM SHEETS Fig. 53-1 

A single transistor is used as an audio mixer, the transistor serving as a feedback amplifier. 


OP-AMP AUDIO MIXER 


100 kn 



% 

1 Mfl (10X) 
100kfl(lX) 



qrj - O Output 
10 


WILLIAM SHEETS 


Fig. 53-2 


Tliis circuit will mix several audio signals to a common output. R K can be made 1 M£2 for 10 x (20 
dR) or 100 kQ for unity gain. 
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Model and Hobby Circuits 


The sources of the foUowing circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Model Railroad Crossing Flasher 
Model Railroad Track Control Signal 
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MODEL RAILROAD CROSSING FLASHER 



POPULAR ELECTRONICS 


Fig, 54-1 


Gate Ul-c is set up as an oscillator whose frequency is determined by Cl and R1. Gates Ul-b and 
Ul-d are set up as an RS flip-flop that is gated on by Ul-a. Gate IJl-a in conjunction with Q1 operates 
as the control gate for the flip-flop. Components Dl, 02, and 1R5 act as a delay circuit to compensate 
for any light getting through the gaps between cars as they pass over the phototransistors. The light- 
emitting diodes are connected so that they operate alternately, depending on the outputs of Ul-d 
and Ul-b. 

Basically, R6 is adjusted so that ambient room-light striking Q1 (and any other phototransistors 
connected in series) keeps the output of Ul-a at pin 3 low. When a car passes over the phototransis¬ 
tor, which is installed between ties in the track, pin 3 goes high, allowing a high to be placed on pins 
5 and 13. That allows the high output of Ul-c at pin 10 to enable pin 12, which in turn allows pin 11 
to go low. That makes a complete path for LED2 to operate. When pin 10 goes low, pin 11 goes high. 
That makes pin 5 high, and thus, enables pin 4 to go low and completes the circuit for LED1. That al¬ 
ternates the LEDs, which are installed in a railroad-crossing signal. 
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MODEL RAILROAD TRACK CONTROL SIGNAL 



IN TRACK 


RED-LAMP ON TIME (SECONDS) 

R1 (KILOHMS) 

Cl =10uF 

Cl = lOOtiF 

100 

2 

16 

220 

3 

32 

470 

6 

70 

1000 

15 

175 


POPULAR ELECTRONICS 


Fig. 54-2 


When a train passes SI (a red switch), a small magnet glued to the underside operates SI and 
causes 1.J1 to generate a pulse, activating relay K1 and changing the signal from green to red. After a 
time determined by R1 and Cl (see table), the relay de-energizes and the signal goes back to green. 
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Modulator Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Varactorless HF Modulator 

Modulator for Video 

Digital Pulse-Width Modulation Circuit 

Four-Quadrant Multiplier as DSB Modulator 

Pulse-Width Modulator 

Linear (AM) Amplitude Modulator 

Video Modulator Hookup 
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VARACTORLESS HF MODULATOR 



ELECTRONIC DESIGN Fig. 55-1 

Traditionally, high-frequency oscillators are frequency-modulated by using a varactor. However, 
varactors usually require a large voltage change to achieve a reasonable capacitance change—a prob¬ 
lem in many battery-powered systems. 

Such a problem can be overcome by employing base-charging capacitance modulation. Resistor 
R1 establishes Ql’s current, and R2 allows control of the collector bias current by V mod . The trans¬ 
mission line (Tl) in the negative resistance-type oscillator determines the frequency of oscillation. 
Tl is a high-quality, low-loss, ceramic coaxial shorted quarter-wave transmission line. Under proper 
terminal impedances, a negative resistance is “seen” at Ql’s base. Tl reacts with this negative resis¬ 
tance to produce sustained oscillations. 

Frequency modulation is accomplished by changing Ql’s collector bias current and thus chang¬ 
ing Ql’s base-charging capacitance. This effect is “seen” at Ql’s base and causes a frequency shift in 
the resonators quarter-wave node. 
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MODULATOR FOR VIDEO 

Sources: SAWFs 

Crystal Technology, Inc. 

1035 E. Meadow Circle 
Palo Alto, CA 94303 
Kyocera International, Inc. 

8611 Balboa Ave. 

San Diego. CA 92123 
MuRata Corp. of America 
1146 Franklin Rd. S.E. 

Marietta. GA 30067 
CRYSTALS 
Saronix 

4010 Transport at San Antonio Rd. 
Palo Alto, CA 94303 
COILS 

Toko America. Inc, 

5520 W. Touhy Ave. 

Skokie. III. 60077 


0.0027 



NATIONAL SEMICONDUCTOR 

This circuit uses an LM2889 and a saw filter for use as a TV modulator. 


Fig. 55-2 
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DIGITAL PULSE-WIDTH MODULATION CIRCUIT 



400 


NASA TECH BRIEFS * Fig. 55-3 










DIGITAL PULSE-WIDTH MODULATION CIRCUIT ( Cont.) 


Ttiis circuit incorporates low-power Schottky transistor/transistor-logic (TTL) devices in critical 
high-speed parts. The 5-MHz clock signal is converted to a 1-MHz signal by a 7490 decade counter 
configured to divide by 5. The 1-MHz signal is sent, via a clock synchronizer, to a three-stage binary 
divider that consists of three cascaded 74LS161 binary dividers. The synchronizer consists of a 
74LS74 D flip-flop, a 7404 inverter gate, and a 7402 NOR gate. The dividers are programmed from the 
STD bus by means of three 7475 quad latches; this makes it possible to program the frequency divi¬ 
sion from 1 to 4096 (12 bits). 

The 1-MHz signal is also divided by 1000 by use of three cascaded 7490 decade counters, each 
configured to divide by 10; lliis provides a 1-kHz signal, which is sent to a 54121 monostable multivi¬ 
brator configured to provide a 0.1-gs pulse, bombarded with an ion beam source in preparation for 
the materials about to be deposited. While the surface is bombarded with an ion beam, an electron 
beam source is activated so that a layer of fused silica is vapor-deposited to a total desired thickness 
value (typically, 1 micron or 10,000 A). The layer of fused silica serves as a surface stabilization.layer 
for the next step. 

A metal mask with an aperture in the specified pattern of the sensor film is placed on the surface 
at the specified sensor location. The surface area exposed through the mask is cleaned by ion-beam 
bombardment for a predetermined time. Then as the bombardment continues, a metal (typically, 
nickel, platinum, and/or palladium) is vapor-deposited through the mask from the electron-beam 
source to form the sensor film. Deposition is continued until the thickness of the film reaches the value 
specified in the particular sensor design. A representative value for a nickel sensor film is 2500 A. 

Next, a pattern for thin film leads is defined by taping directly on the surface of the model with 
Kapton (or equivalent) polyimide tape. The thin film leads are fabricated by a combination of ion- 
beam bombardment and electron-beam vapor deposition like that used to deposit the sensor film. 
The metal vapor deposited in this step is typically copper, gold, or aluminum. A typical thickness for 
copper leads on the nickel sensor film is about 10,000 A. 
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FOUR-QUADRANT MULTIPLIER AS DSB MODULATOR 



PULSE-WIDTH MODULATOR 



POPULAR ELECTRONICS 


Fig. 55-5 


LINEAR (AM) AMPLITUDE MODULATOR 



This is a very simple amplitude modulator. It 
makes use of the Z2 terminal to add the carrier 
directly to the output, thus bypassing the multi¬ 
plier for zero modulation input. It has the advan¬ 
tage of allowing operation from a differential 
modulation input. 


ANALOG DEVICES 


Fig. 55-6 
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VIDEO MODULATOR HOOKUP 


Audio °“ 
in ^ 


Video °~ 
in ^ 


Can be part 
of modulator 


RF out 
TV set 
CH3 or CH4 


>CH4 Freq . 
-CH3 se | ec t 



+8 to 9 V 


WILLIAM SHEETS Fig • 55-7 

This circuit uses an ASTEC UM1683D, but it is typical of many RF video modulators used in 
VCRs and satellite receivers. 
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Morse Code Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Active CW Audio Filter 
Morse Messenger 

CW Identifier with Sine-Wave Audio Output 
Simple Code Practice Oscillator 
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ACTIVE CW AUDIO FILTER 
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MORSE MESSENGER 



Set up as shown, the chip will play message r>o. 0 
at 7 words per minute, lowest sidetone frequency 
{400 Hz) LEDs indicate oscillator warmup (XMTR) 
and keying (KEY) 


Message 

MSG2 MSG1 MSGO No. 

0 0 0 0 

0 0 1 1 

0 10 2 

0 11 3 

10 0 4 

10 1 5 


110 6 

111 7 



Speed 

SPD2 SPD1 SPDO (WPM) 

0 0 0 7 

0 0 1 10 

0 10 15 

011 20 

1 0 0 25 

10 1 30 

1 1 0 36 

111 40 


Simple hook-up diagram for the Morse Messenger chip. The table indicates the range of 
messages, sidetones, and keying speeds. 


73 AMATEUR RADIO TODAY Fig. 56-2 

This keyer uses a PIC1GC54 micro-controller to generate a Morse code message. The microcon¬ 
troller must be programmed to suit users call 1C or desired message. 
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MORSE MESSENGER ( Cont.) 




Logic of the Morse Messenger’s program. This algorithm can be adapted to other devices with the 
help of the Morse encoding table. 


407 






















CW IDENTIFIER WITH SINE-WAVE AUDIO OUTPUT 



18 



SIMPLE CODE PRACTICE OSCILLATOR 


-5V --« 



L_ 

SPKRt 

80 

5 



ui 

LM3909 


Cl 

.2 


7 . 


1 


SI 

(KEY SWITCH) 


R1 

47ft 

■Wr 


POPULAR ELECTRONICS Fi 9 - ^ 6-4 

With only a minor circuit change, the basic LM3909 oscillator configuration can be turned into a 
code-practice oscillator. 
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Motor-Control Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Precise do Motor Speed Controller 

Accurate Motor Speed Control 

Motor Direction Control Using Discrete Transistors 

Long Time-Delay Motor-Control Circuit 

Full-Wave Speed Control for Motors 

SCR Motor Speed Control 

Triac Motor-Control Circuit 

Low-Voltage dc Motor-Speed Controller 

Motor Direction Control 
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PRECISE dc MOTOR SPEED CONTROLLER 



technique is useful where a constant, motor speed is needed. 




ACCURATE MOTOR SPEED CONTROL 




This motor velocity profile is provided by the controller. Note the smooth acceleration and decelera¬ 
tion profiles and the constant motor speed between the two ramps. 

ELECTRONIC DESIGN Fig. 57-2 

This circuit can control dc motors used in machines that pull materials, such as wire, yarn, film, etc., 
from the supply rolls and rewind them onto smaller rolls. Its motor velocity profile is shown in the figure. 

A lightweight disk with at least 32 slots is mounted on the motor shaft. It works in a slotted op¬ 
tical switch (MOC7811) to sense the motor speed. Phase comparator 2 (PC-2) of the phase-locked 
loop (IC-CD 4046B) compares the frequency (/ v ) at the output of the VCO with the pulse rate (/ m ) 
at the optical switch output. The PC-2 output drives the motor via the transistors when/ v >f m , and 
removes the supply to the motor when J m > f y . The drive system quickly reaches an. equilibrium con¬ 
dition when f m =/ v . 

Op amps IC-la, lb, and lc form a tracking integrator whose output always smoothly reaches and 
remains at a voltage equal to the command voltage (E c ) presented at the inverting input of op-amp 
IC-la. When the digital control inputs are set to (A = 1, B = 0 = C), the integrator generates a posi¬ 
tive slope ramp that sweeps the VCO frequency and, thus, accelerates the motor. The acceleration 
rate and the constant speed V m can be adjusted by presets P4 and PI, respectively. 

Similarly, when the inputs are set to (A = 0 = C, B - 1), the integrator generates a negative slope 
ramp that decelerates the motor. Presets P5 and P2 can be adjusted to set the required deceleration 
and the constant speed V L0 , respectively. 
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MOTOR DIRECTION CONTROL USING DISCRETE TRANSISTORS 


+12Vdc 



McGRAW-HILL Fig. 57-3 

For best operation, mount the transistors on heatsinks. The transistors specified are fine for small 
hobby motors, or up to about 6 volts dc and between 800 and 1000 mA. Ml is a small hobby motor. 
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FULL-WAVE SPEED CONTROL FOR MOTORS 



A bridge rectifier provides pulsating dc to a universal motor, and the SCR is used as a phase-con¬ 
trolled switch. This circuit allows smoother operation of the motor at low speeds. 


SCR MOTOR SPEED CONTROL 


R1J400 


117 volts pi 
1 50 ■ 


CRl 

GE DT230B 



Fast 0 , „ 

setting ■*l a r- Motor 
ra\ _vo!tage 


McGRAW-HILL 


Fig. 57-6 


An SCR is used in a phase-control type application to supply a variable pulsating dc voltage to a 
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TRIAC MOTOR-CONTROL CIRCUIT 



mcgraw-hill Fig. 57-7 

An SCR-controlled ac motor control circuit. This is a full-wave circuit and is best used when the 
load remains constant. 


LOW-VOLTAGE dc MOTOR-SPEED CONTROLLER 



ELECTRONICS NOW 


Fig. 57-8 


This circuit varies the duty cycle, rather than the voltage. The two diodes control the positive 
and negative halves of the capacitor’s charging cycle. 
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MOTOR 
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Multivibrator Circuits 


The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Astable Multivibrator with Starting Network 

Bistable Multivibrator 

Astable 

Astable with Variable Pulse Width 
One-Shot Multivibrator 
Basic 555 Astable Multivibrator 
Astable Multivibrator 


417 




ASTABLE MULTIVIBRATOR WITH STARTING NETWORK 



WILLIAM SHEETS Fig. 58-1 

This circuit will start with a slowly rising supply voltage waveform. 

BISTABLE MULTIVIBRATOR 



Positive feedback is provided by resistor R4, 
which causes the latching. A positive pulse at the 
“set” input causes the output to go high and a 
“reset” positive pulse will return the output to es¬ 
sentially 0 Vdc. 


NATIONAL SEMICONDUCTOR 


Fig. 58-2 


ASTABLE 


"T" 

• ' R2 

TOOK 

Tp \r 


ui 

555 


rjr s 



Jl—n_ 

OUTPUT 


At the instant, that power is applied to the 555 
astable, timing capacitor Cl is initially discharged, 
causing the output of the chip output at pin 3 to be 
high. Once Cl has charged to about % of the supply 
voltage, its output goes low, and the discharge 
transistor turns on, draining the charge on Cl. 


POPULAR ELECTRONICS 


Fig. 58-3 
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ONE-SHOT MULTIVIBRATOR 


+v 

4 r-Js 






POPULAR ELECTRONICS Fig. 58-5 

An LM139 section can be used as a one shot. 


BASIC 555 ASTABLE MULTIVIBRATOR 



McGRAW-HILL 

F= 1.44 

Fig. 58-6 


(R l = 2R 2 ) C, 
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Noise Circuits 


1 lie sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Noise Generator 
Dolby Noise-Reduction Circuit 
Audio Noise-Based Voting Circuit 
Adjustable Noise Clipper 
Simple Noise Limiter 
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NOISE GENERATOR 



NATIONAL SEMICONDUCTOR 


Fig. 59-1 


This noise generator uses a Zener diode. The transistors are part of the LM389. 







AUDIO NOISE-BASED VOTING CIRCUIT 



QST 

The purpose of this circuit is the selection of the output of two receivers, tuned to the same 
channel, that has the better signal to noise ratio. This circuit compares the two noise leads from the 
receivers and selects the one with the lower audio noise level. 
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ADJUSTABLE NOISE CLIPPER 



WILLIAM SHEETS Fig. 59-4 

This circuit uses two diodes and is a peak-t.o-peak limiter. The capacitors charge up to a dc level 
determined by the peak-to-peak audio signal and the clipping control. A positive or negative peak or 
spike is clipped if it exceeds this level plus the diode drops. The circuit should be operated at several 
volts level for best results. 


SIMPLE NOISE LIMITER 


5.1 V 



william sheets Fig. 59-5 

This circuit uses a symmetrical limiter obtained by biasing a transistor to a Q point that is half of 
the supply voltage and driving it into saturation and cutoff. An input of 1 to 2 V RMS is sufficient. This 
output will be approximately 4 V p-p into a high-impedance load. 
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Operational Amplifier Circuits 


The sources oi' the following circuits are contained in the Sources section, wliich begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Basic Op-Amp Circuits 

Op Amps with Long RC Time Constants 

Op-Amp Offset Null 

Basic Op-Amp Audio Amplifier 

Input Guarding for HI Z Op Amps 

Enhanced Op-Amp Balanced Amplifier 

Paralleled Power Op Amps 

Single-Supply Op-Amp Applications 

Current Regulator Op Amp 

Op-Amp Resistance-Multiplication Circuit 

Pseudoground 
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BASIC OP-AMP CIRCUITS 



RADIO-ELECTRONICS Fig. 60-1 

The two simplest op-amp configurations are the inverting (A) and the noninverting (B). Resis¬ 
tor R3 is needed only if Cl is used in the noninverting circuit. 


OP AMPS WITH LONG RC TIME CONSTANTS 



NATIONAL SEMICONDUCTOR Fig. 60-2 

Tliis circuit multiplies RC time constant to 1000 seconds and provides low output impedance. 
Cost is lowered because of reduced.resistor and capacitor values. 
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OP-AMP OFFSET NULL 


R2 



RADIO-ELECTRONICS Fig. 60-3 

Offset problems can occur in the best of circuits (and often do) without regard to whether the 
circuit is inverting (A), or noninverting (B). Offset-nulling potentiometers are useful in correcting 
the output to zero, but their effectiveness will vary under different conditions. 


BASIC OP-AMP AUDIO AMPLIFIER 


R2 

10K 



V- 


radio-electronics Fig. 60-4 

Any general-purpose op amp can be used in this application. 
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INPUT GUARDING FOR HI-ZOP AMPS 


HI BZ 





BAlAVCt 



Bottom view 

Input guarding can drastically reduce surface 
leakage. Layout for metal can is shown here. 
Guarding both sides of board is required. Bulk 
leakage reduction is less and depends on 
guard ring width. 


c. non-inverting amplifier 

Input guarding for various op amp connections. The guard 
should be connected to a point at the same potential as 
the inputs with a low enough impedance to absorb board 
leakage without introducing excessive offset. 


NATIONAL SEMICONDUCTOR 


Fig. 60-5 




ENHANCED OP-AMP BALANCED AMPLIFIER 


R* 150 



ELECTRONIC DESIGN 



Fig. 60-6 


The classic single op-amp balanced circuit works well in low-source-impedance configurations, 
but tends t,o struggle in higher-source-impedance applications because of the varying input imped¬ 
ance of.the inputs referred to ground. 

A modified version of the classic op-amp configuration of the figure uses a different set of for¬ 
mulas to determine the resistor values. It equalizes the impedance of both inputs by considering tlip 
op amp’s active participation. 


PARALLELED POWER OP AMPS 



NATIONAL SEMICONDUCTOR Fig. 60-7 

Two power op amps can be paralleled using this master/slave arrangement, but high-frequency 
performance suffers. 
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SINGLE-SUPPLY OP-AMP APPLICATIONS 


v+ 




RADIO-ELECTRONICS Fig. 60-8 

An op amp that normally needs two supplies can be used when only a single supply is needed. 
The value of V+ should be twice the minimum allowable values of the positive and negative voltages 
normally needed. For example, a 12-V single-supply application would require an op amp capable of 
±6-V operation. 


NATIONAL SEMICONDUCTOR 


CURRENT REGULATOR OP AMP 



(R2+ R3)V HEF 
R1R3 


Fig. 60-9 
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OP-AMP RESISTANCE MULTIPLICATION CIRCUIT 



NATIONAL SEMICONDUCTOR 


Fig. 60-10 


Equivalent feedback resistance is 10 GO, but only standard resistors are used. Even though the 
offset voltage is multiplied by 100, output offset is actually reduced because error is dependent on 
offset current, rather than bias current. Voltage on summing junction is less than 5 mV. 


PSEUDOGROUND 


ANALOG DEVICES f=jg 

For op-amp circuits, a “pseudo ground” is often needed; a voltage reference IC can be used. The 
Analog Devices AD780 is used here for this application. This can sink or source current. 
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Oscillators (Audio) 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Easily Tuned Sine-Wave Oscillator 
Quad Tone Oscillator 
One-Transistor Phase-Shift Oscillator 
Basic LM3909 Audio Oscillator 
Low-Distortion Sine-Wave Oscillator 
Low-Frequency Astable 
TTL-Based Audio Oscillator 
Variable Duty Cycle from Astable 
Simple Variable-Frequency Oscillator 
Wien-Bridge Oscillator I 
Wien-Bridge Oscillator II 
Logic-Gate Sine-Wave Oscillator 
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EASILY TUNED SINE-WAVE OSCILLATOR 



TABLE I 


Ci,C 2 

Min 

Frequency 

Max 

Frequency 

0.47 txF 

18 Hz 

80 Hz 

0.1 jj,F 

80 Hz 

380 Hz 

.022 

380 Hz 

1.7 kHz 

.0047 fiF 

1.7 kHz 

8 kHz 

.002 /xF 

4.4 kHz 

20 kHz 


NATIONAL SEMICONDUCTOR f jg Qf.f 

The circuit will provide both a sine- and square-wave output for frequencies from below 20 Hz to 
above 20 kHz. The frequency of oscillation is easily tuned by varying a single resistor. This is a con¬ 
siderable advantage over Wien bridge circuits, where two elements must be tuned simultaneously to 
change frequency. Also, the output amplitude is relatively stable when the frequency is changed. 

Aii operational amplifier is used as a tuned circuit, driven by square wave from a voltage com¬ 
parator. Frequency is controlled by Rl, R2, Cl, C2, and R3, with R3 used for tuning. Tuning the filter 
does not affect its gain or bandwidth, so the output amplitude does not change with frequency. A 
comparator is fed with the sine-wave output to obtain a square wave. The square wave is then fed 
back to the input of the tuned circuit to cause oscillation. Zener diode, Dl, stabilizes the amplitude 
of the square wave fed back to the filter input. Starting is ensured by R6 and C5, which provide dc 
negative-feedback around the comparator. This keeps the comparator in the active region. 
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ONE-TRANSISTOR PHASE-SHIFT OSCILLATOR 



WILLIAM SHEETS 

A single transistor is used as an active element in an RC phase shift oscillator. 


Fig. 61-3 


BASIC LM3909 AUDIO OSCILLATOR 


+v 



mcgraw-hill Fig. 61-4 

The LM3909’s oscillator frequency can be fine-tuned by adding a resistor to a basic circuit. 
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LOW-FREQUENCY ASTABLE 



WILLIAM SHEETS Fig. 61-6 

By using a high-gain low-current transistor, such as the 2N8565, a pair of Darlington-connected 
transistors (2N3565 and 2N3904) can be used in a high-impedance configuration. 


TTL-BASED AUDIO OSCILLATOR 



OUTPUT 


POPULAR ELECTRONICS 


Fig. 61-7 


Half a 7404 will produce a tone around 1000 Hz with.this circuit. 
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VARIABLE DUTY CYCLE FROM ASTABLE 



r l = 2.2 kn 
R 3 = 100 kii 
R, = 18 kfl = R 2 
C-| = 0.01 .jjlF = C 2 


WILLIAM SHEETS Fig. 61-8 

If R y = R 2 = R. } and C 1 = C 2 = C 3 
If potentiometer R3 is set at N% of rotation, then 
r T0TAL * 0.7 \(R + NR 3 )C +[R + (1 - N)R.f\ 

T’total ~ 1-4 (R + R 3 )C and the duty cycle can be varied without changing frequency. 


SIMPLE VARIABLE-FREQUENCY OSCILLATOR 


+ 3-5V 


4.7K 4 


-TTT- 


8 


Cl 

.[ 

U1 

LM3909 


.47 * 


* 1 


R3 

50K 

n 

R2 « 
47n: 

► 

► 

SPKR1 

an 

3 


POPULAR ELECTRONICS Fig. 61-9 

In this variable audio frequency oscillator, the output of U1 at pin 2 is used to drive an 8-£> 
speaker through R2 (which functions as a current-limiter). 
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WIEN-BRIDGE OSCILLATOR II 



POPULAR ELECTRONICS Fig. 61-11 

The operating frequency of this Wien-bridge oscillator is determined by Cl, C2, Rl, and R2. It 
can easily be modified to act as a tunable oscillator by substituting a dual-gang linear potentiometer 
for Rl and R2. 





LOGIC-GATE SINE-WAVE OSCILLATOR 



POPULAR ELECTRONICS Fig. 61-12 

An inductor and capacitor are used here as frequency-determining elements in an LC oscillator. 
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Oscillators (Miscellaneous) 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Variable-Frequency Astable I 
Astable Oscillator I 
Astable Oscillator II 
Variable-Frequency Astable II 
Quadrature-Wave Oscillator 
Stabilized Wien-Bridge Oscillator 
Digitally Controlled Square-Wave Oscillator 
50% Duty-Cycle 555 Circuit 
Varied Rep Rate, Duty Cycle with 555 
DDS Digital VFO 
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VARIABLE-FREQUENCY ASTABLE I 



-<-►+12V 

i C2 

RUN U1-a 

* K .1 

1 

14 - 


|8T0P 2 


ts —; 


-o DC 

R1 

k 22MEG 

±V4 4093 

-o AC 


OUTPUT 


R2 i 

10MEG < R3 


C5 , 
C4 . _330pF' 
330pF ? ' 


R* 



1MEG 

2.6kHz 

45kHz 



C=70pF- 

.OOlnF 

C-170pF- 
.0011 nF 


POPULAR ELECTRONICS Fig. 62-1 

This circuit is a variable-frequency oscillator using a trimmer capacitor or a three-gauge AM 
broadcast capacitor salvaged from an old AM radio. The three sections must be paralleled. 


ASTABLE OSCILLATOR I 


Ul-a 

V4 4093 


[STOP 2 


aJ UH> 

. V4 4093; 


-TT_r 

SQUAREWAVE 

OUTPUT 


‘SEE TEXT 


POPULAR ELECTRONICS Fig. 62-2 

In this circuit, two gates from the quad 4093 package are used to form a simple astable square- 
wave oscillator. 

The values for R and C are approximately as follows: 


Cx *X fo 

0.001 pF 1 MO 3 kHz 

0.1 pF 1 MO 30 Hz 

1 pF 10 MC2 0.03 Hz 


These values can be scaled for other frequencies. 
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ASTABLE OSCILLATOR II 



POPULAR ELECTRONICS Fig. 62-3 

By using transistor switch Q1/R2/R3, the frequency of an astable oscillator can be changed with 
a dc voltage or logic level. 


VARIABLE-FREQUENCY ASTABLE II 



POPULAR ELECTRONICS 


Fig. 62-4 


This circuit uses a single potentiometer and switched capacitors to cover 2 Hz to 30 kHz. 
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QUADRATURE-WAVE OSCILLATOR 


«2C 

HI 



ELECTRONIC DESIGN fjg_ $2-5 

By using a high-frequency quad current-feedback amplifier (the HA5025) as an RC oscillator, 
four quadrature sine waves can be generated. The HA5025’s four separate amplifiers generate the 
sine waves, and the quad NAND gate, U2, is biased at its threshold, so it acts as a sine-wave to 
square-wave converter when the sine waves are ac coupled into its input. 


STABILIZED WIEN-BRIDGE OSCILLATOR 



OUTPUT 

ISkHz 

±12VPK. 


ANALOG DEVICES 


Fig. 62-6 


In this application, the AD534 is used as a vari¬ 
able-gain amplifier for the feedback signal from the 
output to the Y input, via the Wien bridge. The 
peak-rectifier and filter combination applies suffi¬ 
cient voltage to the X (denominator) input to 
maintain a stable oscillation-amplitude (with about 
0.2% ripple). At startup, because X is small (di¬ 
vider mode), the gain is high, and the oscillation 
builds up rapidly. Tins is but one of several possible 
schemes, involving no external active elements. Its 
forte is simplicity, rather tlian high performance; 
nevertheless, the amplitude is not greatly affected 
by supply and temperature variations, about 0.003 
dB per volt, and 0.005 dB per degree. 
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DIGITALLY CONTROLLED SQUARE-WAVE OSCILLATOR 



McGRAW-HILL 



Fig. 

IC1 

LM3909 LED flasher/oscillator 

C5, C6 

0.1-pF capacitor 

IC2 

CD4066 quad bilateral switch 

R1 

2.2-kn, y 4 - W 5% resistor 

Cl, C2 

0.1-pF capacitor 

R2 

10-kQ potentiometer 

C3 

0.033-pF capacitor 

R3 

2.7-kO, !4-W 5% resistor 

C4 

0.047-pF capacitor 

R4 

470-H, 54-W 5% resistor 
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50% DUTY-CYCLE 555 CIRCUIT 



ELECTRONICS NOW 


Fig. 62-8 


Using an external charge transistor and 
diode enables a 50% duty cycle and easy fre¬ 
quency control. Wien the 555’s discharge tran¬ 
sistor is cut off, the 2N2222 acts as an emitter 
follower. Wien the discharge transistor turns on, 
the 2N2222 turns off and Cl discharges through 
(tfj + R 2 ) at the same rate. The 1N4148 provides 
temperature compensation. 



To independently vary rpm and dwell, or duty cycle, a 555 timer is used to produce 
a ramp waveform, which is compared to an adjustable reference. 


ELECTRONIC DESIGN 


Fig. 62-9 
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DDS DIGITAL VFO 


pi 

Computer 

LPT 

Port 


14 Through 25 


1C pins not shown 
are unused. 


Ul 

HSP45102PC-40 
_DDS_ 

SELL/M 0UT2 

SFTEN 0UT1 

MS8LSB 0UT2 

LOAD 0UT3 

ENPHAC 0UT4 

TXFR OUTS 

SO OUT6 

SCLK 0UT7 

CLK oure 

Pq OUT9 

p, OUTIO 

Vcc OUT11 

8 ^ I 22 

U3 

40-MHz Clock 


Not Connected 


DO 

D1 

V DD 

02 

V REF+ 

D3 

VOUT 

D4 


D5 


D6 


D7 

V S S 

LE 

V E E 

COMP V REF _ 


U2 

CA3338AE 

DAC 


13 T 

12 _ 

R1 

IkQ ' 
OUTPUT' 
LEVEL ' 


J1 

OUTPUT 



Fig. 62-10 


The DDS chip (Ul) generates a data stream that is converted by D/A converter U2 into a sine 
wave. Ul is programmed via the input from PI, from the LPT port of an IBM PC. The system uses a 
40-MHz TTL output clock module. 
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Oscillators (RF) 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Frequency Modulated Oscillator 
JFET Variable-Frequency Oscillator 
AM Oscillator for Wireless Microphones 
Reinartz Oscillator 

Remote-Oscillator High-Frequency VFO 

Beat-Frequency Oscillator for AM/SW Radios 

Butler Oscillator Circuit 

455-kHz Oscillator 

Modified Hartley Oscillator 

VLF LC Oscillator 

Grounded-Base Tuned Collector Oscillator for 
AM Broadcast Band 


HF VFO Circuit 

Darlington Transistor Oscillator 
FM HF Oscillator With No Varactor 
Tunable UHF Oscillator 
“Universal” VFO 
Oscillator Circuits 
Colpitts Oscillator 
Clapp Oscillator for 100 kHz 
Timed Collector Oscillator 
Hartley Oscillator 
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FREQUENCY MODULATED OSCILLATOR 


330 n 



This circuit can be used for FM wireless audio, microphone, and part-15 applications where a 
stable frequency modulated oscillator is needed-LT can be varied to cover 75 to 150 MHz, as needed. 


JFET VARIABLE-FREQUENCY OSCILLATOR 



tJA HZ 

LI 

(TURNS) 

C2AND C3 
(PF) 

Cl 

(PF) 

VARIABLE 

C5(pF) 

?-6 

36 

680 

150 

100 

5-8 

25 

470 

100 

100 

7-14 

20 

470 

100 

50 


POPULAR ELECTRONICS F, 9‘ 63 ~ 2 

This simple JFET-based variable-frequency oscillator can be used in receiver and transmitter 
circuits. 
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WILLIAM SHEETS Fig 53.3 

This circuit will generate an AM-modulated signal in the AM broadcast band that can be picked 
up on a receiver. About 2 V of audio input will produce about 30% modulation of the oscillator signal. 
An old AM broadcast oscillator coil or other two-winding coil with about a 10:1 turn ratio and about 
50 to 150 pH inductance can be used for T1. 


REINARTZ OSCILLATOR 


WILLIAM SHEETS pjg 53.4 

This oscillator uses inductivity coupled emitter and collector windings to its main tank circuit. 
Take care so that LI and L2 are not coupled to each other, otherwise this circuit is susceptible to par¬ 
asitic oscillation at other frequencies. Typically, LI has 5 to 10 times the number of turns that L2 has. 
LI, L2, L3 are wound on same coil form. This oscillator is more suited to low’er frequencies, <10 MHz. 






REMOTE-OSCILLATOR HIGH-FREQUENCY VFO 




(e) 


Band-Specific Oscillator 
Component Values 


Band 

LI 

Approximate Tuning 

(m) 

(turns') 

Range' (kHz) 

10 

3 

110 

12 

4 

100 

15 

5 

80 

17 

6 

65 

20 

7 

50 

30 

10 

40 


'Close-wound #20 enameled wire on a 


3 /e-inch plastic rod; see text. 
tWith an MV1662 diode used at D1, and 
C7 (Figure 2) equal to 47 pF. See text, 
Note 2 and the Figure 2 parts list. 


QST Fi 9‘ 63-5 

A remote WO is sometimes used to control a transmitter or receiver. The circuit shown uses an 
MPF102 FET and is controlled by a dc voltage at J3. The table shows values for L l for various bands 
from 30 to 10 meters. U1 serves as a buffer amplifier. 
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BEAT-FREQUENCY OSCILLATOR FOR AM/SW RADIOS 


3.3 kft 



WILLIAM sheets Fig. 63-6 

This BFO can be added to inexpensive AM/SW receivers to enable reception of CW signals. Out¬ 
put couples to base of last IF stage. T1 is any 455-kHz IF transformer. The BFO switch should be a 
DPDT type (as needed), and the radio AGO circuit will-probably have to be disabled for CW reception. 


BUTLER OSCILLATOR CIRCUIT 



RADIO-ELECTRONICS Fig. 63-7 

This circuit uses an overtone crystal in a Butler oscillator. LI is approximately 1300 pH, and the 
crystal frequency should be from 20 to 50 MHz. 
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455-kHz OSCILLATOR 



McGRAW-HILL Fi 9' 63 ~ 8 

The 455-kHz oscillator circuit uses a field-effect, transistor (FET) for Ql. The output signal is 
taken from the source circuit of Ql. T1 is a 455-kHz IF transformer. 


MODIFIED HARTLEY OSCILLATOR 


330 a 


j 

T 

1 


Xioo 


-Lo.i 

q> F { 

T 

12 

X 


" pF 



470 

PF 

_| f _ 

<33 
< kH 

10 pF 

i If < 


t 

2N3904 

11 < 



t 

. 


L\ + L .2 « 100 jj.H 
f osc 1.5 MHz approx. 


-O Output 


4.7, 

ktl' 


- kft< 


-i-0.1 

T>f 


WILLIAM SHEETS 


Fig. 63-9 


This oscillator uses a tapped coil in the collector circuit, with the tap grounded for the signal. LI 
and L2 are coupled inductively and typically have a 3:1 turn ratio, and generally are sections of one 
entire winding. 
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VLF LC OSCILLATOR 


+6-12V f^OUT 



The VLF oscillator uses a large toroid coil as 
the frequency-determining component and a 
2N5485 FET as the active device. R3 is used as a 
feedback control and also by running the circuit 
with slightly less feedback than needed for oscil¬ 
lation, can serve as a regenerative amplifier or 
detector. 


POPULAR ELECTRONICS 


Fig. 63-10 


GROUNDED-BASE TUNED COLLECTOR OSCILLATOR FOR AM BROADCAST BAND 



WILLIAM SHEETS 


Fig. 63-11 
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HF VFO CIRCUIT 



POPULAR ELECTRONICS Fig. 63-12 

This typical HF VFO circuit has several stability-enhancing features, including well-chosen ca¬ 
pacitor types. The frequency of the VFO is approximately 2 n (C i + C 2 + C 3 ) L v LI should be an air- 
core type coil, rigidly mounted, with high (>200 value) value of Q. 


DARLINGTON TRANSISTOR OSCILLATOR 



POPULAR ELECTRONICS Fig. 63-13 

This oscillator uses a very large capacitance-to-inductance ratio. LI is a one-turn coil consisting 
of a loop of #12 wire 12" in diameter. This circuit is useful for metal detectors, etc., where a loop an¬ 
tenna is used. 
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FM HF OSCILLATOR WITH NO VARACTOR 



ELECTRONIC DESIGN Fig. 63-14 

Instead of using a varactor to frcquency-modulate a high-frequency oscillator, this circuit uses 
base-charging capacitance modulation. Consequently, the large voltage change required by a varac¬ 
tor, which can be a major problem in battery-powered systems with limited supply voltages, is elim¬ 
inated. T1 is a ceramic coaxial quarter-wave resonator. 


TUNABLE UHF OSCILLATOR 



Microstrip 
0.1 "W x 1,5"L 
e r = 4.8 

G-10 material 0.062" thick 
f 0 = 350 to 500 MHz 


william sheets Fig. 63-15 

This oscillator is typical for 350- to 500-MHz operation. The microstrip inductor is a PC board 
trace. The tap is typically 15% from the bottom end. The output power is 55 to 100 mW into 50 ft, 
with the frequency stability typically 0.1% over 0 to 50°C. 


456 



“UNIVERSAL” VFO 





73 AMATEUR RADIO TODAY 


Fig. 63-16 


Figure 63-16A shows the basic circuit for the VFO, except for the tuning circuits (which are 
shown in Fig. 63-16B). Transistor Q1 is a junction field-effect transistor (JFET) oscillator stage. The 
device to use at Q1 includes MPF-102, 2N441G, and the replacement devices from the popular lines 
of “service” parts e.g., ECG and NTE). 

Two different oscillator configurations can be accommodated by this design (i.e., both Clapp and 
Colpitts oscillators can be built). Both oscillators arc the same from point A in Fig. 63-16C forward, 
and both depend on a capacitor voltage-divider feedback network. The Clapp oscillator (Fig. 63-16A) 
is series-tuned and the Colpitts oscillator is parallel-tuned (Fig. 63-16B). 

The dc voltage supplied to the oscillator transistor (Ql) is voltage-regulated. The voltage regu¬ 
lator can be any 78Lxx series from 78L05 to 78L09. 
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OSCILLATOR CIRCUITS 



RADIO craft Fig. 63-17 

These are methods of using an NE602 with a tunable VFO. 

COLPITTS OSCILLATOR 


[Vi so i" 



RADIO-ELECTRONICS Fig. 63-18 

L x = 7 pH//(in MHz) 

C l = C 2 = C 3 = 2400 pF // 

In tills circuit, the oscillator is free-running. 

CLAPP OSCILLATOR FOR 100 kHz 



WILLIAM SHEETS Fig. 63-19 

This Colpitts oscillator is very stable and usable where good stability is needed, but crystal con¬ 
trol is not desirable. It is capable of 1 part in 104 to 105 with good-quality components. 
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TUNED COLLECTOR OSCILLATOR 


100 n 



+ 9 V 


LI, L2 osc. coil 
turns ratio 10:1 TYP 
LI = 1.2 
f= 12 to 30 MHz 


WILLIAM SHEETS 


Fig. 63-20 


HARTLEY OSCILLATOR 



WILLIAM SHEETS Fig. 63-21 

This circuit uses a tapped inductor in a Hartley oscillator circuit. The tap is generally at 25 to 
35% total turns in most instances. 


459 





64 

Oscilloscope Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Scope Voltage Cursor Adapter 
Sampling-Rate Phase Lock 
Differential Amplifier for Scopes 
Delayed Video Trigger for Scopes 
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SCOPE VOLTAGE CURSOR ADAPTER 



ELECTRONICS NOW 


Fig. 64-1 


The voltage cursor adapter superimposes horizontal cursor lines on the top and bottom of the 
waveform—a kind of electronic calipers—to permit direct readout of the voltage value. The cursor 
lines extend across the entire screen. The MC78L12 voltage regulator (IC1) supplies regulated 12- 
Vdc to the rest of the circuit. The ICM7555 timer (IC2) drives the CD4066B, a CMOS bilateral switch 
(IC3). This drive frequency can either be a normal frequency (NORM) of 100 Hz or a low-frequency 
(LO-/0 of 10 kHz, depending on the setting of switch SI. Set SI to LO-F for inputs below 500 Hz. 

The dc reference voltage supplied to pin 3 of IC3 is set by R3, a 10-turn, 5000-Q precision po¬ 
tentiometer. The voltage can be read directly from a turns counter dial coupled directly to the po¬ 
tentiometer’s wiper, The accuracy of this reading can be 1% or better. Trimmer potentiometer R1 
permits the voltage to R3 to be calibrated to precisely 10 V. 

The circuit is calibrated by setting the digital reading on the turns counter of R3 to the full clock¬ 
wise position and adjusting R1 for a reading of 10 V at the wiper of R3 with a digital voltmeter. 

Bilateral switch ICS converts the de reference to a square wave with exactly the same wiper am¬ 
plitude. The square-wave output appears on common pins 4, 9, and 10 of ICS and coaxial plug PL1. 
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SAMPLING-RATE PHASE LOCK 



Most digital scopes have record lengths that, are power of 2 (c.g., 1024 points) and sampling 
rates constrained to a 1-2-5 sequence. This can lead to measurement errors on power-line waveforms 
because an integral number of line cycles can’t be captured. Digital scopes that calculate measure¬ 
ments, such as the rms level, across the entire record will be in error. 

One solution to this problem is to phase-lock the scope’s sampling rate to the line frequency by 
exploiting the external clock input found on some digital scopes. Phase-locking the sampling to line 
frequency also tracks variations in the power-line frequency. 

A 9- or 12-Vac wall transformer provides the circuit’s power and the frequency reference. The 
negative output of the diode bridge refines the circuit ground. The 78L05 regulator provides the +5- 
V supply for the three ICs. R3 and C2 create a low-pass filter on the half-cycles from one of the float¬ 
ing transformer outputs. R3 also limits the current into the internal diode clamps of the inverter gate. 
The inverter output becomes the power-line frequency reference and is one input (SIG in to the 
phase comparator) of the Signetics 74HC4046A phase-locked loop (PLL). The 74HC4040 divides the 
PLL output frequency by 1024 and feeds the divided clock back to the other PLL phase-comparator 
input (COMP in). The phase-comparator output (PC2) is filtered and drives the PLL’s control volt¬ 
age (VCO in) so that the output frequency is 1024 times the reference frequency. 

With the loop filter shown, the output frequency locks to the line frequency in about, 10 s. The 
oscillator is locked to both 50- and 60-Hz inputs using a 74HC4046A and the values shown for resis¬ 
tors R1 and R2 and capacitor Cl. 

The output signal is buffered and sent to the scope’s external clock input, which is typically a 
TTL-compatible input. A different tap from the 74IIC4040 can be selected to control the number of 
cycles captured in one scope record. 
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DIFFERENTIAL AMPLIFIER FOR SCOPES 



ELECTRONIC DESIGN Fig. 64-3 

Differential inputs and comparator modes can be added to any general-purpose oscilloscope us¬ 
ing this circuit setup. Calibration doesn’t change because the circuit operates in unity gain in most 
modes. Amplifier noise level is low enough not to degrade low-level signals, and its dynamic range can 
handle signals up to ±12 V peak. Notice that all of the resistors are 1%, unless specified otherwise. 
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DELAYED VIDEO TRIGGER FOR SCOPES 



R1 

3.3k 

D1.D2.D3.D4 

1N914 silicon diode 

R2 

1 meg potentiometer, linear taper 

Q1 

MPF102 JFET 

R3 

Ik 

U1 

LM1881 video sync separator 

Cl 

0.0047 pF 

U2.U3 

4013 D type flip-flop 

C2 

0,033 pF 

J1.J2.J3 

RCA phono jack 

C3 

0.1 pF 

SI 

SPDT switch 


Note. Resistors are alt 5% 1/4 watt. Capacitors 
are all polyester type. 


73 AMATEUR RADIO TODAY Fig. 64-4 


This circuit will extract vertical sync from a video signal, produce a vertical sync pulse, and add 
an adjustable delay. This permits a delayed sweep effect to enable a scope to look at any particular 
horizontal line. It is useful for older scopes. 
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Photography-Related Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Charger for Photoflash Capacitor 
Slide Stepper 
Photo Super Strobe 
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CHARGER FOR PHOTOFLASH CAPACITOR 


Cl—0.2 /aF ±20%, 100 V 
C (Load Capacitor)—480 fif, 500 V 
01, D2—MRS 14 (Fait-Racovery Rectifier) 
Q1 —MPS6520 (Selected) 

Q2-MPS6563 (Salected) 

Q3-MPS6562 (Selected) 

Q4-MP3613 (Salected) 

VR—Neon lamp (Selected 5 AG) 

R1-39K 
R2-100O 
R3— 1 .OK 
R4-120n 
R5—15011 
R6-270O ±S% 

R 7-7.50 ±5% 

R8-1.0 MO 
R9-2.0 MO Pot 
RIO—390K ±5% 

Note: All reaitton ±10%, V* W. Unle»* 
Otherwise Specified 


Ll: Timing Inductor 

Core: Ferroxcube 266T125-3E2A 

Winding: 145 Turns, No. 36 Wire 

L2: Drive-Oscillator Transformer 

Core: Ferroxcube No. 18/11PL00-3B7 

Bobbin: 1811F2D 

Air Gap: 0.005 in 

Windings: Wl: 40 Turns, No. 28 Wire 
W2: 20 Turns, No. 30 Wire 
W3: 140 Turns, No, 36 Wire 

L3: Output Transformer 

Core: Ferroxcube No. 26/16P-L00-3B7 

Bobbin: Ferroxcube No. 26/16F2D 

Windings: Nl: 11 Turns, No. 18 Wire 
N2: 1100 Turns, No. 38 Wire 
Air Gap: 0.030 in 



Shutoff 


McGRAW-HILL 

This circuit charges photoflash capacitor C (480 uF, 500 V) for photoflash usage. 


Fig. 65-1 
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SLIDE STEPPER 


PROJECTOR 

REMOTE 



Fig. 1—ORIGINAL CONFIGURATION of 
the slide projector’s remote control. 



Fig. 2—SCHEMATIC DIAGRAM. The stepper circuit replaces the remote and will auto¬ 
matically advance the slides with a variable time delay. 



Fig. 3—CABLE MODIFICATION. This will allow the remote and the stepper circuit to be 
swapped easily. 


electronics now Fig. 65-2 

This stepper circuit replaces remote controls and ■will automatically advance slides in a projector. 
The time delay is variable with R4. The cable connections are for a Kodak carousel slide projector. 
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PHOTO SUPER STROBE 




MAKE THE SENSOR ASSEMBLIES with heat-shrink tubing and small diame¬ 
ter coaxial cable such as RG-174, U. The space between the coaxial cable and the outer 
heat-shrink tubing is filled with a little silicone rubber. 


ELECTRONICS NOW! Fig. 65-3 

A change in audio or light level on the sensor connected to J1 is amplified by ICl-a and ICl-b 
(rectified), and used to trigger IC2. R12 sets the delay between the trigger and the flash. ICl-c drives 
indicator LED2.and triggers SCR1, which sets off the strobe connected to J2. A photo cell or a mi¬ 
crophone can be used as a sensor. 
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66 

Piezo Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Piezoelectric Driver Circuit 
Piezoelectric Buffer 
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PIEZOELECTRIC DRIVER CIRCUIT 





c 


POPULAR ELECTRONICS Fig. 66-1 

Three-terminal piezoelectric elements are typically driven by transistor circuits (A), or logic 
gates (B). Two-terminal devices can be driven by two NAND gates. A booster coil is used to com¬ 
pensate for the sound-pressure attenuation caused by the case. 


PIEZOELECTRIC BUFFER 



ni 2.2 kn 

R2 150n 

Q1 2N3819FET transistor 

Misc. Piezo disc 

All resistors are S to 10 percent tolerance, 7« watt. 


McGRAW-HILL Fig. 66-2 

This circuit will serve as a buffer for experiments with Kynar film, a piezoelectric material, or 
■with piezo devices. 
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67 

Power Line Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

ac Power Controller 
ac Power-Line Monitor 
Power-Line Modem for Computer Control 
Low-Voltage Power Controller 
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ac POWER CONTROLLER ( Cont.) 


This circuit is used to vary the power delivered to a 120-Vac load under software control. A 
68705 micro controller can control eight discrete power triacs, each of which delivers power in 32 
smoothly graduated steps, ranging from 0 to 97% of full power. The value delivered to one channel is 
independent of the value delivered to any other channel. Loads can include light displays, universal 
motors, heaters, and other appliances. 

The power level is set by software, not a potentiometer. The software includes a basic set of rou¬ 
tines for processing interrupts and setting the power level. The software also includes five test and 
demonstration routines for putting the circuit through its paces. Moreover, there’s plenty of room to 
add your own routines to the 68705’s built-in EPROM. 

The basic circuit is simple, yet versatile enough to accept inputs from on-board DIP switches; al¬ 
ternatively, the inputs can be driven from a microcomputer bus or parallel port, or a stand-alone de¬ 
vice with TTL-compatible outputs. There are 12 input bits to set modes and specify values. 


ac POWER-LINE MONITOR 


117V AC 



POPULAR ELECTRONICS F ‘9- 67-2 

When the power-line voltage source fails, Q1 turns on, activates optoisolator U2, and triggers 
SCR1. For small SORs, U1 might directly trigger SCR1. 
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POWER-LINE MODEM FOR COMPUTER CONTROL 





LOW-VOLTAGE POWER CONTROLLER 



POPULAR ELECTRONICS 


Fig. 67-4 


The circuit has a duty-cycle generator that will produce an output varying from fully off to fully 
on and pulses of any duty cycle in between the two extremes. 

This method of operation is called PWM (pulse width modulation). The circuit can be fed from 
any dc supply source of between 10 to 15 V. Half of an LM556 dual oscillator/timer and U2-a (A of an 
LM339 quad comparator) combine to form a voltage-to-pulse-width converter. The first half of the 
dual oscillator/timer (Ul-a) is configured as an astable oscillator, generating a continuously oscillat¬ 
ing ramp voltage. Op amp U2-a compares the voltage at its noninverting input (pin 5)—which is con¬ 
nected to pins 2 and 6 of Ul-a—to the voltage at its inverting input (pin 4). The op amp will produce 
a low output if Rl’s wiper voltage is higher than the instantaneous voltage that is present at pins 2 
and 6 of Ul-a. The output of U2-a at pin 2 will have an on/off ratio that is proportional to the voltage 
at Rl’s wiper. 

The output of U2-a is fed to Ul-b, which is used to buffer the signal. The low-impedance, pulsed 
output of Ul-b at pin 9 is fed to the gate of MOSFET Ql, driving it on or off. The circuit also has a 
power-input detector, built around U2-band and LED1. If the input power is OK, LED1 will shut off. 

Diode D1 is used to suppress the reverse voltage spikes that are generated by inductive loads 
during turn off; without that diode, the MOSFET might be destroyed. If the circuit will riot be used 
to drive inductive loads (motors), D1 can be eliminated. 
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68 

Power Supply Circuits 


rn 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number- in the box of each circuit correlates to the entry in the Sources section. 


Foldback Current Limiter 

Current-Limiting Regulator Circuit 

Switching Power Supply 

Transformerless dc Power Supply I 

+5-V at 1.5- to 3-A Supply, +6- to +15-V Input 

Transformerless dc Power Supply II 

Fast 3.3-V Regulator 

Power Supply for High-Power Autosound Amp 
IC Regulator Protection 
3.3-V Switching Regulator 
NE602 Power-Supply Options 
Simple 9-V Power Supply 
Tracking Power Supply 
Power Efficient Voltage Regulator 
Low Drop-Out Regulator 
SCR Switching Supply for Color TV Receivers 
Regulator Circuit for Bilateral 
Source/Load Power System 
Fast 3.3-V Adjustable Regulator 


Two-Terminal 100-mA Current Regulator 

Two-Phase Rectifier 

Low-Noise 5-V Supply 

Positive Regulator with 0- to 70-V Output 

Simple 12-V Power Supply 

3.3 V from 5-V Logic Supplies 

12-V Supply 

4- to 70-V Regulator 
Switched Power-Control Circuits 
Multiple On-Card Regulator Adjuster 
Simple 9-V Power Supply 

+5-V at 1-A Supply with +3- to +5-V Input 

5- Vdc Regulated Supply 
Buffered Reference Supply 

5-V Logic Regulator with Electronic Shutdown 
12-Vdc Regulated Supply 
Junked Transistor Regulators 
Teleprinter Loop Supply 
5-A Constant-Voltage Supply 
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FOLDBACK CURRENT LIMITER 



LOAD CURRENT (mA) 

B 

POPULAR ELECTRONICS F, 9- 


This regulator uses the drop across R3 to sense current draw, turning on Q2, removing drive 
from Ql, and lowering the output voltage. Limiting occurs when Q2 has 0.65 V across the base-emit¬ 
ter junction. This circuit has foldbac.k characteristics as seen from the figure. 
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CURRENT-LIMITING REGULATOR CIRCUIT 




As shown in B, maximum load current is practically the same at all supply volt¬ 
ages with constant current limiting. 


POPULAR ELECTRONICS Fig. 68-2 

This regulator uses the drop across R2 to turn on Q2, removing base drive from Q1 and reducing 
the current through Rl. About 0.65 V must be dropped across R2 before limiting occurs. To set limit 
current, 


*-i 


0.65 


LIMIT (amps) 


Output voltage = V 0UT = (3.9) 


(ft,+ * 4 ) 


R A 
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SWITCHING POWER SUPPLY 



ELECTRONIC DESIGN Fig. 68-3 

In many swilcliing-regulator applications for portable computers, the microprocessor is located 
some distance from the power supply. With the latest processors, total load currents range into sev¬ 
eral amperes. Thus, regulation at the load can become a problem. 

The 7, m pin (pin 6) of the LTC1148 is approximately proportional to the load current. It scales 
nearly linearly from 0 V at no load to 2.0 V at current limit. U2, acting as a unity-gain differential am¬ 
plifier, inverts the U1 pin 6 voltage (referenced to SENSE—, pin 7) and causes a current proportional 
to load current to flow in resistors R5 and R6. A small voltage drop appears across current-sense fil¬ 
ter resistors R3 and R4. This makes the voltage measured by the internal feedback divider appear 
low. The duty factor is adjusted to bring this back to the correct voltage. As a result, the output is in¬ 
creased slightly as a function of load. Capacitor C9 rolls off the high-frequency gain of the correction 
amplifier. 



comp j/ 

corr 

where: , omp = 

R f , it = R 3 and R 4 
V rnn . = Measured drop. 
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TRANSFORMERLESS dc POWER SUPPLY I 


R1 

5fi S2 


WARNING! 
SHOCK HAZARD 
NO BODY CONTACT 
PEMISSIBLE 


TABLE 1—OUTPUT CURRENT/VOLTAGE AT SPECIFIED LOADS 


Capacitance 


100 Ohms 


Load 

200 Ohms 


1000 Ohms 


'tor 

Current 

(mA) 

V 

Current 

(mA) 

fa 

Current 

(mA) 

3.2 

31 

6.0 

29 

25 

24 

6.4 

61 

11.2 

54 

41 

41 

9.0 

87 

16.1 

78 

52 

52 

TTs 

113 

20.7 

100 

61 

61 

15.5 

147 

24.7 

120 

67 

67 

17.8 

169 

28.8 

140 

68 

68 

18.5 

176 

31.9 

155 

69.4 

68 

20.3 

195 

36.8 

173 

70 

71 

22.8 

220 

41.0 

193 

70 

71 

24.9 

238 

42.0 

204 

71 

71 

27.1 

259 

44.9 

219 

— 

— 

33.0 

317 

52.7 

257 

— 

— 

43.5 

422 

65.8 

322 

— 

— 


POPULAR ELECTRONICS p/g qq_q 

An SCR fii.es on the positive half cycles of the ac line voltage, Switched capacitors are used to se¬ 
lect the output voltage. These must all be ac-rated, nonpolarized types. 



+5-V AT 1.5- TO 3-A SUPPLY, +6- TO +15-V INPUT 



Operating efficiencies of 80 to 90% are possible using the MAX741D and this circuit. 


TRANSFORMERLESS dc POWER SUPPLY II 



McGRAW-HILL 


Fig. 68-6 


Although it is simple, this supply can provide 10 to 15 V at 100 mA directly from the ac lines. This 
circuit has no isolation from the ac line; therefore, there is a shock hazard and it should only be used 
where no possibility of contacting external devices, circuits, or personnel exists. 
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FAST 3.3-V REGULATOR 


THERMALLOY 

7020B-MT 


4.75V TO v 

5.25V 

1+ C1.C2 
-Z: 220fiF 
1 10V 

■=■ SANYO OS-CON 

2x 



4 C4 
ZZZ 1200nF 
I 16V 

-=■ NICHICON PL 


PLACE IN SOCKET CAVIfY 


+ f C5 TO CIO T C11 TO C20 

ZII 220(jF Z±Z IhF 

10V 16V 

“ AVXTPS — AVXY5V0805 

6x lOx 


MICROPROCESSOR 

LOAD 


AVX CORPORATION: (803) 448-9411 

NICHICON (AMERICA) CORPORATION: (708) 843-7500 

SANYO VIDEO COMPONENTS (USA) CORPORATION (619) 661-6322 

THERMALLOY INCORPORATED (214) 243-4321 

FOR CORRECT OPERATION OF MICROPROCESSOR, DO NOT SUBSTITUTE COMPONENTS 


LINEAR TECHNOLOGY 


Fig. 68-7 


New high-performance microprocessors require a fresh look at power-supply transient response. 
The LT1585 linear regulator features 1% initial accuracy, excellent temperature drift and load regu¬ 
lation, and virtually perfect line regulation. Complementing superb dc characteristics, the LT1585 
exhibits extremely fast response to transients. Transient response is affected by more than the reg¬ 
ulator itself. Stray inductances in the layout and bypass capacitors, as well as .capacitor ESR domi¬ 
nate the response during the first 400 ns of transient. 

The figure shows a bypassing scheme developed to meet all the requirements for the Intel P44C-VR 
microprocessor. Input capacitors Cl and C2 function primarily to decouple load transients from the 5-V 
logic supply. The values used here are optimized for a typical 5-V desktop computer “silver box” power- 
supply input. C5 to CIO provide bulk capacitance at low ESR and ESL, and Cl 1 to C20 keep the capac¬ 
itance at low ESR and ESL low at high (>100 kHz) frequencies. C4 is a damper and it minimizes ringing 
during setting. Trace C is the load current step, which is essentially flat at 4 A with a 20-ns rise time. 

Trace A is the output settling response at 20 mV per division. Cursor trace B marks -46 mV rel¬ 
ative to the initial output voltage. At the onset of load current, the microprocessor socket voltage 
dips to -38 mV as a result of inductive effects in the board and capacitors, and the ESR of the ca¬ 
pacitors. The inductive effects persist for approximately 400 ns. For the next 3 jus, the output droops 
as the load current drains the bypass capacitors. The trend then reverses as the LT1585 catches up 
with the load demand, and the output settles after approximately 50 ps. Running 4 A with a 1,7-V 
drop, the regulator dissipates 6.8 W. 


4.82 





POWER SUPPLY FOR HIGH-POWER AUTOSOUND AMP 



RADIO-ELECTRONICS Fi 9- 68-8 

A switching mode inverter is used with a pulse-width modulation voltage regulator (SG352S0). 
Four IRF240 power MOSFETs are used as switches. The output is ±47 V at about 5 A peak. Trans¬ 
former T101 is a four-turn center tapped primary, and 16-turn center tapped secondary on a Ferrox 
cube ETD-34 core. 


1C REGULATOR PROTECTION 


01 

1N4002 



NATIONAL SEMICONDUCTOR F '9- 68-9 

This circuit protects an IC regulator against various fault conditions. 
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3.3-V SWITCHING REGULATOR 



LINEAR TECHNOLOGY Fig. 68-10 

For the LT1129-3.3, dissipation amounts to a little under 1.5 W at full output current. The 5-lead 
surface-mount DD package handles this without the aid of a heatsink, provided that the device is 
mounted over at least 2500 mm 2 of ground or power-supply plane. Efficiency is around 62%; dissi¬ 
pation in linear regulators becomes proliibitive at higher current levels, where they are supplanted 
by high-efficiency switching regulators. The synchronous buck converter is implemented with an 
LTC 1148-3.3 converter. The LTC1148 uses both Burst Mode™ operation and continuous, constant 
off-time control to regulate the output voltage, and maintain high efficiency across a wide range of 
output loading conditions. 


NE602 POWER-SUPPLY OPTIONS 


+4.5-8.0V 


+ 9V 

+ 8-18V 



is 

^ 1 

|e 

Rl 

1 


18 

150ft 

(OPTIONAL) 

NE802 

IK 

NE602 

IK 

D1 

* 

s> 

Cl 

NE602 

Cl * 

0.04jiF ; 

' 3 

Cl ? 
0.04jiF 

T 

8-2V1 

n a ia/ 

* , 

l0.04nF 2 


4 



U.4W 




a 


b 


c 



RADIO-ELECTRONICS 









Here, Figs. 68-11A through 68-11C show an RC-filter used as both current limiter (Rl) and in¬ 
tegrator (Cl), as well as for isolation. In Fig. 68-11A, +4.5 to 8.0 Vdc is the normal operating range 
of the NE602. In Fig. 68-1 IB, Rl drops voltage, and is used because a +9-V battery can go higher, and 
a +9-V wall supply can produce up to 11 V. In Fig. 68-11C, a +8- to 18-Vdc supply is regulated using 
a8.2-V Zener for 1)1. 


484 








SIMPLE 9-V SUPPLY 



This circuit uses an LM7805 with a resistive voltage divider in the common leg of the regulator. 
The regulator can be “fooled” into producing an apparent higher output voltage in this manner. This 
supply is useful for running radios, tape recorders, or other 9-V devices. 


TRACKING POWER SUPPLY 



NATIONAL SEMICONDUCTOR Fig. 68-13 

Two op amps are used in this basic op-amp regulator circuit. The outputs can be fed to current 
amplifier stages or emitter followers, if needed. 
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POWER EFFICIENT VOLTAGE REGULATOR 



ELECTRONIC DESIGN f=jg - 68-14 

Included in the many features of this power-efficient, voltage-regulator circuit is shutdown 
power control with a current output up to several hundred milliamperes (expandable to amperes, if 
desired). Current limiting can be preset to a fixed level for controlled dissipation in Q1 and the cir¬ 
cuit requires no auxiliary voltage supply for the pass transistor. 


LOW DROP-OUT REGULATOR 



ELECTRONIC DESIGN 


Fig. 68-15 


This low-dropout reference produces a 4.5-V output from a supply just a few hundred millivolts 
greater. With 1-mA dc loading, it maintains a stable 4.5-V output, for inputs down to 4.7 V. 
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SCR SWITCHING SUPPLY FOR COLOR TV RECEIVERS 



An output +80 V at up to 1.5 A is available from this supply. A minimum load of 200 mA is required because of the SCR hold¬ 
ing current. Notice that no ac line isolation is provided and a shock hazard exists. 






















REGULATOR CIRCUIT FOR BILATERAL SOURCE/LOAD POWER SYSTEM 


Power-Switching 

Output Voltage Devices 



NASA TECH BRIEFS 


Fig. 68-17 


The figure shows a circuit that regulates an output voltage, regardless of the direction of flow of 
output current. More specifically, it regulates the voltage at the left source or load, which can either 
supply power to or receive power from the right load or source, depending on the voltages and the 
direction of now of current at the load/source terminals. 

The overall system can be characterized as a voltage-controlled current source with bilateral 
current capability. The current Ho wing between the two source/loads, averaged over a power-switch¬ 
ing cycle, is made to depend on the pulse-width modulation that governs the operation of the two 
power-switching devices, and this pulse-width modulation is, in turn, a function of amplified current- 
error and voltage-error signals. The voltage error is the difference between the actual output voltage 
and the output-reference voltage, which is the nominal output voltage at zero current. The pulse- 
width modulation is varied to increase or decrease the current, as needed, to limit the excursion of 
output voltage from the reference value. 

An additional feature of this control circuit is that the maximum current in either direction can 
be limited by limiting the excursion of the output voltage from the zero-current value. Thus, exter¬ 
nal current-limiting circuitry is riot necessary. 
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FAST 3.3-V ADJUSTABLE REGULATOR 



LINEAR TECHNOLOGY 


Fig. 68-18 


The adjustable version of the LT1585 makes it relatively easy to accommodate multiple micro¬ 
processor power-supply voltage specifications. To retain the tight tolerance of the LT1585 internal 
reference, a 0.5% resistor adjustment is recommended. R1 is sized to carry approximately 10 mA 
idling current (<124 ft), and R2 is calculated from: 


where: 



TWO-TERMINAL 100-mA CURRENT REGULATOR 



NATIONAL SEMICONDUCTOR Fig. 68- 


The circuit has a low temperature coefficient 
and operates down to 3 V. The reverse base cur¬ 
rent of the LM195 biases the circuit. 

A 2N2222 is used to control the voltage 
across current-sensing resistor, R2 and diode Dl, 
and therefore the current through it. The voltage 
across the sense network is the F BE of the 
2N2222 plus 1.2 V from the LM113. In the sense 
network, R2 sets the current and Dl compen¬ 
sates for the V BE of the transistor. Resistor R1 
sets the current through the LM113 to 0.6 mA. 
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TWO-PHASEflECTIFIER 


20 k, 2% Notes: 



Radians 


A single-phase AC signal can be converted to two phase with this circuit. It rectifies and sums the signal to 
a dc voltage level. 

ELECTRONIC DESIGN Fig. 68-20 

The waveform generated by the two-phase rectifier illustrates that the ripple is less than half 
that of a conventional single-phase circuit’s waveform. Also, the ripple frequency is double that of the 
conventional circuit. The circuit will follow amplitude changes in the ac input signal very rapidly, and 
it works equally well with current or voltage inputs. 
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LOW-NOISE 5-V SUPPLY 



’Zetex Inc. 

’’Glows in current limit. Do not omit. 

ELECTRONIC DESIGN Fl 9- 68-27 

Standard three-terminal regulator ICs can be noisy. The key is the noise over the 10-Hz to 10- 
kHz band; measurements revealed a 40-dB improvement over standard three-terminal regulators. 

The regulator is built around a 5-V buried-Zener reference. It’s the buried Zener’s inherently low 
noise that makes the finished supply so quiet. Measured over a 10-Hz to 10-kHz band, the 5-V out¬ 
put contains just 7 pV rms of noise at full load. The 10-Hz to 10-kHz noise can be further reduced to 
2.5 pV rms by adding a 100-pH, 1000-pF output filter. The noise characteristics of the reference are 
tested and guaranteed to a maximum of 11 pV over the band of interest. 

An external boost transistor, the ZBD949, provides gain to meet a 200-mA output current re¬ 
quirement. Current limiting is achieved by ballasting the pass transistor and clamping the base drive. 
Although the oscillator only requires 200 mA, it’s possible to extend the output current to at least 1 A. 


POSITIVE REGULATOR WITH 0- TO 70-V OUTPUT 



The op amp has one input at ground and a 
reference current drawn from its summing junc¬ 
tion. With this arrangement, the output voltage is 
proportional t.o setting resistor R2. A negative 
supply is used to operate the op amp within its 
common-mode range, providing zero output with 
sink current and power a low-voltage bandgap 
reference, Dl. The current drawn from this sup¬ 
ply is under 150 mA, except when sinking a load 
current. The output load capacitor, C2, is part of 
the op-amp frequency compensation. 


NATIONAL SEMICONDUCTOR 


Fig. 68-22 


SIMPLE 12-V POWER SUPPLY 



POPULAR ELECTRONICS Fig. 68-23 

This 12-V power supply is easy-to-build, and it produces a smooth output. D1 is a 14-V, J4-W 
Zener diode. The voltage can be varied by a few volts up or down to change the output voltage. 


3.3 V FROM 5-V LOGIC SUPPLIES 


4.5V TO 5.5V- 


IN OUT 

LT1129-3.3 


SHUTDOWN SENSE 


GND 


J? 


T 


3.3V OUT 
700mA 


3.3nF 

-J- SOLID TANTALUM 


LINEAR TECHNOLOGY Fig. 68-24 

Microprocessor chip sets and logic families that operate from 3.3-V supplies are gaining accep¬ 
tance in both desktop and portable computers. Computing rates, and in most cases, the energy con¬ 
sumed by these circuits, show a strong improvement over 5-V teclmology. The main power supply in 
most systems is still 5 V, necessitating a local 5-V to 3.3-V regulator. Linear regulators are viable so¬ 
lutions at lower (/_ < 1 A) currents, but they must have a low dropout voltage in order to maintain reg¬ 
ulation with a worst-case input of only 4.5 V. The figure shows a circuit that converts a 4.5-V minimum 
input to 3.3 V with an output tolerance of only 3% (100 mV). The LT1129-3.3 can handle up to 700 
mA in surface-mount configurations, including both 16-jiA shutdown and 50 -jj.A standby currents for 
system sleep modes. Unlike other linear regulators, the LT1129-3.3 combines both low-dropout and 
low-voltage operation. Small input and output capacitors facilitate compact, surface-mount designs. 
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12-V SUPPLY 



ELECTRONIC DESIGN -fig- 68-25 

When driving a power MOSFET from a 5-V or 3.3-V system, a significant nuniber of components 
usually are needed to generate an extra +12 V. 

It’s possible, however, to apply the second channel in a typical dual MOSFET driver to derive a 
+ 12-V power supply. By using a driver with the drains brought to separated pins, you can connect an 
inductor between the n-channel drain and the logic supply without connecting the p-channel device. 

The driver operates as a standard flyback-style switched-mode circuit (see the figure). When 
the output n-channel device is on, current starts flowing in the inductor, which stores energy. When 
the n-channel device is turned off, current must continue flowing. Therefore, it flows through diode 
D2 to charge up Cl and C2. As the cycle repeats, the Cl and C2 voltage rises until the Zener diode 
prevents further voltage rise. This is needed to prevent the driver’s derived supply from exceeding 
the part’s maximum voltage rating. 

4- TO 70-V REGULATOR 


This regulator operates from a single supply. 
If the op amp is not able to control an overvoltage 
condition, the SCR will crowbar the output. 


NATIONAL SEMICONDUCTOR Fig. 68-26 
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SWITCHED POWER-CONTROL CIRCUITS 




ELECTRONICS DESIGN Fig. 68-27 

Load currents of a few milliarnperes to amperes can be turned on and off by these switched 
power-control circuits. The U2 CMOS inverter stage works as a simple power switch for load currents 
less than 5 mA (Fig. 68-27A), allowing easy reference shutdown. If appreciably higher switched out¬ 
put currents are called upon, an alternate CMOS inverter driving a low-threshold PMOS device can 
be used to switch currents of up to 1 A or more (Fig. 68-27B). 


MULTIPLE ON-CARD REGULATOR ADJUSTER 


LM11J 



NATIONAL SEMICONDUCTOR Fig. 68-28 

This circuit allows one pot to control several on-card regulators for adjustment within ±100 mV 
of each other. 
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SIMPLE 9-V POWER SUPPLY 


IN4002 



WILLIAM SHEETS 


Fig. 68-29 


This supply will provide 9-V transistor radios or cassettes from a 12-V auto electrical system. 


+5-V AT 1-A SUPPLY WITH +3- TO +5-V INPUT 


MAX741U 


INPUT 

Vin * 2.7V TO 5V 

_ ici 

n x 

- 6.3V 


F _ 

4r <150k 

03 X 

O.VFJ j- 


d- C2 
X 330nF 
■=■ 6 3V 


Fig. 68-30 


A MAX741U switching-mode power-supply controller and a switching FET Q1 are used to pro¬ 
vide +5 V at 1 A. 


BUFFERED REFERENCE SUPPLY 



This buffered reference (for 1.23 V or more) uses a supply voltage of greater than 3 V. 


5-V LOGIC REGULATOR WITH ELECTRONIC SHUTDOWN 


V)»>V-By- • • «| V IN V 0uT 


, B2 ">> 

, 720 ZXH1I 


The circuit, will shut down to 1.2 V under 
fault conditions. 


"Min output = 1.2V 


NATIONAL SEMICONDUCTOR 


Fig. 68-33 
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JUNKED TRANSISTOR REGULATORS 


V 1N 

TO FILTERED DC SOURCE 



POPULAR ELECTRONICS Fi 9- 68 ’ 35 

Old transistors can make excellent regulators. Simply use one as a Zener to control the base cur¬ 
rent to another transistor (Fig. 68-35A). If the pass transistor cannot supply enough current, you can 
use two pass transistors in its place (Fig. 68-35B). 


TELEPRINTER LOOP SUPPLY 



260 nF. SO VDC E»ch 


73 AMATEUR RADIO TODAY F, 9- 68-36 

A circuit to power a teleprinter, using transistors as current-controlling devices. The power sup¬ 
ply used provides a constant current in a loop,-normally 60 mA or 20 mA, depending on the machine. 
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5-A CONSTANT-VOLTAGE SUPPLY 



ELECTRONICS now Fig. 68-37 

This constant-voltage supply has a variable output,. It can supply more than 5 A, and has two 
switchable current limits. 
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69 

Power Supply Circuits (High Voltage) 


Th e sources of.the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Fluorescent Lamp 12-V Supply 

High-Voltage Regulator 

Night-Vision Scope Power Supply 

High-Voltage Power-Supply Control Circuit 

-100-Vdc Supply 

ac-Operated He-Ne Power Supply 

HV Regulator with Foldback Current Limit 

Kirlian Device Supply 

High-Voltage Tripler 

200-V Regulator 

Pulse-Width Modulated Laser Supply 
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FLUORESCENT LAMP 12-V SUPPLY 



POPULAR ELECTRONICS Fig. 69-1 

This liigh-voltage power supply can operate fluorescent tubes from a 12-V source, even if the 
tube has a defective filament. It essentially is an oscillator that excites a home-made autotrans¬ 
former. T1 is wound on a ferrite rod 5 /«" diameter by 1 ~A" long, in layers. S2 is an optional lamp fila¬ 
ment switch. 
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NIGHT-VISION SCOPE POWER SUPPLY 



ELECTRONICS NOW Fi 9- 69 '3 

This high-voltage power supply has an inverter around Q1 that supplies 150-V pulses to the con¬ 
verter of SCR1 and C2. The output of T2 is a 4.5-kV pulse that is multiplied by the voltage-tripler net¬ 
work (right) to produce 13.5 kV. 

T1 is a 3-kQ to 500-U CT transistor audio transformer, T2 is a flash tube trigger transformer with 
a 6-kV secondary. 

HIGH-VOLTAGE POWER-SUPPLY CONTROL CIRCUIT 



WILLIAM SHEETS 


Fig. 69-4 


To start the HV supply, SI is pressed, latching the relay. The 10-kft pot is set so that the relay 
just latches. When HV current becomes excessive (arc-over, etc.), an excessive voltage is developed 
across the 10-Q WW pot, cutting off the 2N3904, causing the relay to unlatch. This circuit was used 
in a 1000-W linear RF power amplifier. 
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C4 C6 

.05 .05 



.05 .05 

B 

POPULAR ELECTRONICS Fig. 69-5 

The combination Hartley oscillator/step-up transformer shown in A can generate significant nega¬ 
tive high-voltage—especially if the voltage output of the transformer is multiplied by the circuit in Fig. 
69-5B. T1 is a small low-voltage filament transformer of around 4- to 10-Vac output, 120-V primary. 


ac-OPERATED HE-NE POWER SUPPLY 



mcGraw-hill Fig. 69-6 

T1 is a 120-V to 1000-V step-up 60-Hz transformer. Cl, C2, C3, C4 and D2 through D5 form a 
voltage quadrupler. The initial voltage is 4 to 5 kV, which drops when the laser tube fires. 
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HV REGULATOR WITH FOLDBACK CURRENT LIMIT 



The output current, is sensed across R8. This is delivered to the current-limit amplifier through 
R7, across which the foldback potential is developed by R6 with a threshold determined by D4. The 
values given limit the peak power below 20 W and shut off the pass transistors when the voltage 
across them exceeds 310 V. With unregulated input voltages above this value, start-up is initiated 
solely by the current through R5. Q4 is added to provide some control on current before A2 has time 
to react. 

The circuit is stable with an output capacitor greater than about 2 pF. Spurious oscillations in 
current limit are suppressed by C2 and R4, while a strange, latch-mode oscillation coming out of cur¬ 
rent limit is killed with Cl and Rl. 
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KIRLIAN DEVICE SUPPLY 



mcgraw-hill Fig. 69-8 

This device is essentially a high-voltage variable-frequency ac supply. A CD4049IC multivibrator 
circuit drives a Darlington connected transistor pair, which drives TR2, an HV transformer. 


HIGH-VOLTAGE TRIPLER 


Cl through C6 
I50pF 3k V 



D1 through D6 
3kV 


McGRAW-HILL Fig. 69-9 

This tripler is useful for low-current and high-voltage applications. The capacitors can be 0.001- 
jiF, 3- to 6-kV discs, and the diode’s 3-kV units, or three each IN4007 in series. 
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200-V REGULATOR 



With high-voltage regulators, powering on 
the TC through the drive resistor for the pass 
transistors can become quite inefficient. This is 
avoided with the circuit shown. The supply cur¬ 
rent for the IC is derived from Q1. This allows R4 
to be increased by an order of magnitude without 
affecting the dropout voltage. 

Selection of the output transistors will de¬ 
pend on voltage requirements. For output volt¬ 
ages above 200 V, it might be more economical to 
cascade lower-voltage transistors. 


PULSE-WIDTH MODULATED LASER SUPPLY 



IC1 initially provides drive for Q1 and HV transformer Tl, and it rectifies D4 through D19. When 
the laser tube ignites, Q2 is triggered; this activates relay RL1, reducing the duty cycle. R13 controls 
the duty cycle of the pulses through the laser tube. 
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70 

Power Supply 
Circuits (Multiple Output) 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
706. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Experimenter’s Power Supply 
Quad Power Supply 
Activate Back-Up Power Supply 
CCFL Supply with Variable Contrast 
dc Power Source for Experiments 
Stable VFO Power Supply 

High-Efficiency Triple-Output Supply for Notebook Computers 
General-Purpose Power Supply for Automotive Projects 
±15-V Power Supply 
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ACTIVATE BACK-UP POWER SUPPLY 
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McGRAW-HILL F, 9 m 70 ‘ 5 

This supply uses IC regulators to supply +5, +6, +9, and +12 volts regulated from a nominal 12-V 
supply. ___ 

STABLE VFO POWER SUPPLY 



POPULAR ELECTRONICS Fi 9 m 70 ~ 6 

A dc power-distribution system for a stable oscillator should use a separate voltage regulator just 
for the oscillator circuit. 
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HIGH-EFFICIENCY TRIPLE-OUTPUT SUPPLY FOR NOTEBOOK COMPUTERS 
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GENERAL-PURPOSE POWER SUPPLY FOR AUTOMOTIVE PROJECTS 


Operating 
car voltage 


Electrical 

ground 



Voltage _ 
(see text)" 

Chassis _ 
ground' 


Buttered 
car voltage 


Regulated 
5 volts 


Electrical 


C5 

1000 (iF 
50 V 


-VA- 

R4 

270 n 





1 

IC2 

7812 

in Out 

Gnd 

3 ( 



2 

SC6 
.01 m-F 

-- 

C75 
.01 m-F 


ground 


.Regulated 


12 volts 

;fcc8 

100 ilF 
50 V 


5k CIO 


1000 m,F 
50 V 


Buttered 
-O alternator 
voltage 


-o Chassis 
ground 


ELECTRONICS NOW F ' 9 ‘ 70 ‘ 8 

This supply produces 12 V and 5 V for a variety of automotive projects. F4 is connected directly 
to the alternator held winding (usable only if your car has a separate regulator). 


±15-V POWER SUPPLY 



+ 15 VOLTS 


-15 VOLTS 


COMMON 


RADIO-ELECTRONICS 


Fig. 70-9 


A simple bridge rectifier feeds two IC regulators. This circuit should be useful for op-amp circuitry. 
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Power Supply Circuits 
(Variable Output) 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Variable Voltage Regulator with Current Crowbar Limiting 
Adjustable 0- to 5-V Supply 
Transceiver Power Supply for Variable Lab Source 
Adjustable Power Supply 

Variable-Voltage Regulator with Wide-Range Current Limiting 
General-Purpose 0- to 30-V Power Supply 
Adjustable Positive Regulator 
Adjustable Bias Regulator 
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VARIABLE VOLTAGE REGULATOR WITH CURRENT CROWBAR LIMITING 





POPULAR ELECTRONICS 

The variable voltage regulator with current-crowbar limiting, shown in Fig. 71-1A, overcomes 
the disadvantages oT constant and foldback limiting. As you can see in the graph (Fig. 71-1B), the 
current crowbar quickly shuts down the supplied power when a preset current is exceeded. It also 
has excellent load regulation over its operating range. 




ADJUSTABLE 0- TO 5-V SUPPLY 



ELECTRONIC DESIGN 


Fig. 71-2 


Although linear-regulator ICs are frequently used in variable power-supply applications, they 
might, not .always be the best choice. At low output voltages, power losses in these regulators can 
cause headaches for designers. For example, if an output current of 1.25 A is required at 1.25 V from 
an input of 8 V. a regulator (such as the LT317) dissipates more than 10 W. 

The figure depicts a dc-dc converter that functionally replaces a linear regulator in the just de¬ 
scribed application. The converter not only eliminates the problem of power loss, but it can be ad¬ 
justed for output voltages (as low as 25 mV) while delivering an output current of 1.5 A. 

The circuit uses a basic positive-buck topology with one exception. A control voltage is applied 
through R4 to the feedback summing node at pin 1 of the LT1076 regulator IC, making it possible to ad¬ 
just the output from 0 V to approximately 6 V. This range encompasses the 3.3-V and 5-V logic supply 
voltages for portable and desktop equipment, as well as battery-pack combinations of one to four cells. 

As R4 is driven from 0 to 5 V by the buffer (Ul), more or less current is required from R2 to sat¬ 
isfy the loop’s desire to hold the feedback summing point at 2.37 V. This forces the converter’s out¬ 
put to swing over the range of 0 to 6 V. 

The LT1076 is capable of 1.75-A guaranteed output current in this application, and 2 A is typi¬ 
cal. If more current is required, the LT1074 can be substituted for the LT1076. 
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TRANSCEIVER POWER SUPPLY FOR VARIABLE LAB SOURCE 



QST 


* Soo text and caption 
** Heat Sink 

01 


U1 


MJ2955 


U1 

LM317K 



OUT 

(Tab) 

Top View 


Bottom 

Views 


Fig. 71-3 

A variable voltage regulator provides 1 to 11 Vdc for lab bench work, using an existing 13.8-V 
transceiver supply. 


ADJUSTABLE POWER SUPPLY 



WILLIAM SHEETS 

Using an LM317, this supply delivers 1.25 to 22 Vdc for various purposes. The LM317 should be 
heatsink ed. This supply wall deliver 600-mA output current. 
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VARIABLE-VOLTAGE REGULATOR WITH WIDE-RANGE CURRENT LIMITING 



In this circuit, R9 acts as a control to set cur¬ 
rent limiting. If R Q = 0, limiting occurs at 47 mA. 
Input, is 24 V, output is 

(ft, + ft 7 ) m 


depending on the setting of R6. 


POPULAR ELECTRONICS 


Fig. 71-5 


GENERAL-PURPOSE 
0- TO 30-V POWER SUPPLY 


V|H V 0U T 
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ADJUSTABLE BIAS REGULATOR 


r 4 \' 


l B > bias current 
of power stage 


^bias t° power stage 


Bias 

transistor* 


‘Thermally connected 
to power stage 


WILLIAM SHEETS 


Fig. 71-8 


If the wiper of R2 is set at N% rotation, the bias voltage will be: 


(R, + NR, 

v -v ———— 

bias ■'be { R i+ R 2 


^HIAS MIN - ^BE ^BIAS MAX r^ + R^ J BE 


Tliis method derives a bias voltage that tracks V HK of this bias transistor. If the bias transistor-is 
thermally linked to the power stage, tracking over a wide temperature range will result. 
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Probe Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Current Probe Amplifier 

Simple Logic Probe with Alphanumeric Display 

Simple RF Probe 

125-MHz Logic Probe 

pH Probe Amplifier 

8-Digil 100-MHz Frequency Probe 
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CURRENT PROBE AMPLIFIER 



ELECTRONS DESIGN F/fif. 72-1 


A clamp-on current probe, such as the Tektronix P6021, is a useful means of displaying current 
waveforms on an oscilloscope. A less-expensive and simple alternative is shown in the figure. 

The more sensitive range on the P6021 is 2 mA/mV, but it has a roll-off of 6-dB per octave below 
450 Hz. The purpose of the compensator is to counteract the low-frequency attenuation, which is 
achieved by means of C3 and R4 + PI in the feedback around op amp Nl. It’s important that the lat¬ 
ter is a low-noise type, such as the LM725 shown in the figure. On top of that, it’s necessary at some 
point to limit the increasing gain with decreasing frequency; otherwise, amplifier noise and drive will 
overcome the signal. The values shown for C., and R, give a lower limit of less than 1 Hz. 

A test square wave of ±1 mA is fed to the current probe so that PI can be adjusted for minimum 
droop or overshoot in the output waveform. It’s vital that the sliding core on the probe is fully closed. 
At liigh frequencies, the response begins to fall off at 100 kHz. Therefore, for most waveforms, switch 
SI is moved to “direct,” above a fundamental frequency of, for example, 10 kHz. 

This circuit’s current consumption is quite low, and it can be battery powered. If a mains power 
supply is built-in, it must be well screened to prevent hum problems. 
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SIMPLE LOGIC PROBE WITH ALPHANUMERIC DISPLAY 




OPTIONAL DISPLAY 


ELECTRONICS NOW 


Fig. 72-2 


A logic probe also includes BCD decoder module. The red LED lights to indicate a logic high, and 
the green LED lights to indicate a logic low. Tliis probe circuit will light a green (low) or red (high), 
and if desired, an alphanumeric display can be obtained with two 7-segment LED displays. 


SIMPLE RF PROBE 


50pF 

DISC 



73 AMATEUR RADIO TODAY Fig. 72-3 


Your VTVM can measure peak voltage up to 
200 MHz by using this probe. The maximum RF 
that can be measured is determined by the diode; 
with a 1N60, the probe is limited to 30 V. To in¬ 
crease the capacity, substitute a higher-voltage 
small-signal detector diode. House the circuit in a 
metal enclosure and use shielded wire. 
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125-MHz LOGIC PROBE 



POPULAR ELECTRONICS 


Fig. 72-4 


This logic probe features either high-low (LED) indication or latching operation. When SI is 
closed, the indication of a pulse is latched and the red LED1 stays on. Piezoelectric buzzer BZ1 is 
used as a beeper to sound that a logic high is preset. 


pH PROBE AMPLIFIER 



ANALOG DEVICES Fi 9- 72-5 

The low-noise precision FET op-amp AD795 has around 1014-0 common-mode impedance, low- 
offset voltage (250 p.V max ) and L13 \iV c drift make this device ideal for low-voltage measurements 
from high-impedance sources. 
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8-DIGIT 100-MHz FREQUENCY PROBE 
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RADIO-ELECTRONICS Pig J2-6 

Small enough to mount in a probe, this frequency counter circuit is good to 100 MHz. It operates from +5 to +15 Vdc. An 
11C90 prescaler drives a 10-MHz counter chip (ICM7216B). Note the dotted line connecting RIO with pins 5 and 6 of IC2; that 
variable connection controls the decimal point and total count appearing on DSP1 and DSP2. The relative intensities and dura¬ 
tions of ON/OFF time for LED1 (green) and LED2 (red) give a rough indication of logic level and duty cycle. 
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Protection Circuits 


i he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Short-Circuit Protection Circuit 
Polarity Protector 
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SHORT-CIRCUIT PROTECTION CIRCUIT 


OUTPUT 
TO POWERED 
DEVICE 


REGULATED 
DC INPUT 
FROM 

POWER SUPPLY 
OUTPUT 


24-VOLT 
FILTERED 
DC INPUT 
FROM 
BRIDGE 



POPULAR ELECTRONICS 


Fig. 73-1 


When SI is pressed, the coil of K1 is energized, closing its normally open contacts. If the regu¬ 
lated dc input is between 1 and 24 V, that voltage feeds the base of Q1 through Rl, turning on the 
transistor, and latching the relay. When that occurs, LED2 glows indicating that all is okay. 

If there is a short to ground at the circuit’s output (i.e., in the device being powered), the volt¬ 
age that feeds the base of Q1 goes to zero, turning off the transistor. Then, LED! glows because K1 
is de-energized to indicate the short circuit. 


POLARITY PROTECTOR 



The use of a four-diode bridge guarantees 
correct polarity irrespective of input dc polarity. 
Remember that two diode drops (about 1.2 to 1.5 
V) are lost from the input voltage using this cir¬ 
cuit. 


WILLIAM SHEETS 


Fig. 73-2 
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Radar Detector Circuits 


The sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section, 

Display Board for Radar Gun 
2.6-GHz Oscillator for Radar Speed Gun 
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POPULAR ELECTRONICS Fig. 74-1 

This circuit takes signal (dopplcr) from a radar gun, amplifies and limits it, and feeds the fre¬ 
quency into a counter (IJ4) and display circuit (DISP1, DISP2, U5, U6). Counter calibration is set by 
clock circuit U2B. Calibration is obtained via R21 and R22. R21 can be changed if kilometers/hour 
readout is desired. 
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2.6-GHz OSCILLATOR FOR RADAR SPEED GUN 



POPULAR ELECTRONICS F/g. 74-2 

This circuit consists of 2.6-GHz oscillator Q2, a coupling microstripline to ANTI, a 1.1" A -wave 
probe, detector D2,.and audio amp Ql. The oscillator feeds power to the antenna, which radiates the 
signal. The reflected signal from a moving target mixes with the oscillator signal in D2. The resultant 
beat note (doppler shift) is amplified by Ql and fed to jack Jl, which is used to feed the circuit 12 Vdc. 
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Radiation Detector Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Geiger Counter 

Voltage Tripler for Radon Detector Ionization Chamber 
Flyback Power Supply for Radon Monitor 
Radon Monitor Amplifier and Head 
Ion Detector 
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ELECTRONICS NOW 


Fig. 75-2 


ELECTRONICS NOW 


Fig. 75-3 


The voltage tripler charges the ionization This blocking-oscillator flyback circuit is an 
chamber capacitor. It is powered from the 120- alternative for charging the ionization chamber 
Vac line. Warning: Shock hazard exists. capacitor. 
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RADON MONITOR AMPLIFIER AND HEAD 



532 


COMPARATOR 




RADON MONITOR AMPLIFIER AND HEAD (Cont.) 



ELECTRONICS NOW 

A positively charged anode wire attracts electrons and a negatively charged cathode attiact.s 
positively charged ions. The recombination of electrons and ions causes a current that produces a 
voltage pulse. The cathode is maintained at -500 V by a charge on the 0.1-pF capacitor. 

A beverage can forms the chamber, an aluminum can forms the cathode, and half cans form pro¬ 
tective end covers. The amplifier circuit board is shown to the left ol center. 


ION DETECTOR 



POPULAR ELECTRONICS 


Fig. 75-5 


ANTI is a short whip antenna from a junked radio or other device. R 3 is adjusted to bring the me¬ 
ter on scale. This device should be grounded to operate properly. A length of aluminum or copper foil 
tape attached to the instrument case makes contact with the hand, and the-body serves as a ground 
via hand contact with this tape. 
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Receiving Circuits 


The sources of the following circuits arc contained in the Sources section, which begins ori page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


AM Radio 

ac/dc Vacuum-Tube AM and Shortwave Receiver 

WWV Receiver 

Shortwave Receiver 

AM/FM Receiver Circuit 

118- to 136-MHz Aircraft Receiver 

Dual-Inverter Line Receiver 

Toroidal-Core TRF Shortwave Receiver 

Nine-Band Shortwave Receiver 

One-Tube Regenerative SW Receiver 

One-Tube Regenerative AM Receiver 

Two-Band Radio 

Simple Crystal Radio 

Video Line Receiver 


Two-Chip AM Receiver 
Relay Interface to RC Receivers 
Basic Regenerative Receiver 
Simple Radio Receiver 
One-Tube AM Receiver 
Balanced Line Receiver 
Superhet Front End 
Receiver Preamp 

Regenerative Receiver for 6 to 17 MHz 
Two-Stage TRF Regenerative Receiver 
Economy Shortwave Receiver 
Variometer-Tuned Radio 
Old-Fashioned Crystal Radio 
WWV Receiver 
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AM RADIO 




T 

1V2" 

1 


The primary winding of LI has 21 turns of #24 or #26 enameled wire; L2 has 108 turns; 
and L3 has 15 turns of wire. All are wound on 114-inch PVC pipe form. 


McGRAW-HILL * 

A 1S4 regenerative detector feeds an LM386 audio 1C (ICl). 1.5-V D cells and three 9-V batter¬ 
ies are used for a power supply. 
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ac/dc VACUUM-TUBE AM AND SHORTWAVE RECEIVER 



POPULAR ELECTRONICS 


This circuit was used in a World War II vintage AM/SW (6 to 18 MHz) receiver and shows typical 
circuits used in receivers at that time. 
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POPULAR ELECTRONICS Fig. 76-3 


















WWV RECEIVER (Cont.) 



Transformer T1 is a home-made unit comprised of 40 closely wound turns Construction details for T2 (the 

of #26 AWG enameled wire on a '/-inch diameter air-core form, with taps at mixer transformer) are shown here. 

214 and 10'/ turns from each end; after each tap, the winding continues in The diagram in A is a schematic 

the same direction. representation of the unit once 

completed; B illustrates how the 
three lengths of wire are wound as 
a set on the bobbin; and C shows 
how the bobbin is connected to the 
pinned base. 


RF amplifier Q3 feeds diode mixer D1-D2 and Q1-Q2 provide 10-MHz L.O. injection to D1 
through T1 and T2. U1A, U1B and U2 are audio amplifiers. Details of T1 and T2 are shown. 
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TABLE 2 


Frequency 

C2 

CIS. C19 

C23 

LI. L2 (Ant) 

L3 (Osc) 

(MHz) 

(pF) 

(PF) 

(PF) 

(# of turns on T-37-2 core) 

5 

100 

120 

68 

5. 41 

45 

6 

100 

120 

68 

4, 30 

34 

7 

82 

100 

47 

4, 26 

29 

8 

02 

100 

47 

3, 22 

24 

10 

82 

100 

47 

3. 17 

19 

1? 

82 

100 

47 

2. 15 

17 

14 

68 

82 

33 

2, 14 

15 

15 

68 

82 

33 

2, 13 

14 



TABLE 3 





NE602 


MC34119 



Pm 1 

1.27 V 


OV 



Pin 2 

1.27 V 


4.15 V 



Pin 3 

0V 


4.11 V 



Pin 4 

3.64 V 


3.97 V 



Pin 5 

3.59 V 


4.14 V 



Pin 6 

4.99 V 


-9.09 V 



Pin 7 

4 33 V 


OV 



Pin 8 

5.05 V 


4 20 V 



Ol 

Q2 


Q3 

04 

Emitter 

0.95 V 

0.80 V 


0.27 V 

OV 

Base 

1.61 V 

1 45 V 


0.82 V 

0.58 V 

Collector 

2.56 V 

3 30 V 


9.17 V 

7.41 V 


RADIO-ELECTRONICS Fig. 76-4 

This receiver covers 8.5 to 11.5 MHz in two bands and has a sensitivity of under 1 pV. An NE602 
mixer feeds a 455-kHz IF amplifier (Q1 and Q2), detector D4, and audio amplifier IC2. Q4 serves as 
an AGO amplifier coil data is given in the table. The LO is varactor tuned. 









AM/FM RECEIVER CIRCUIT 



541 












DUAL-INVERTER LINE RECEIVER 


fl# 649li R7 IkQ 



ANALOG DEVICES 


This circuit is for audio applications. 


Fig. 76-7 
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TOROIDAL CORE TRF SHORTWAVE RECEIVER 



|i 

Head¬ 

phone 

jack 


Toroid 

To antenna 


LI 

To common ground 


L2 

Enlarged view 

LI —3 turns of #24 enameled magnet wire wound over center of L2. 

L2—34 turns of #24 enameled wire—coils wound on toroid iron core 
form T-50-2—tapped at the 17th turn. Form has only V 2 -inch diameter. 

Wind 34 turns, with a tap at the 17th turn, for L2 on the small !4-inch diameter iron core form. 



McGRAW-HILL Fl & 76 ' 8 

A ZN414 IC feeds an LM386 audio amplifier in this TRF circuit. SW1 is a band-switch. Coverage 
is up.to 18 MHz. 
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NINE-BAND SHORTWAVE RECEIVER 





POPULAR ELECTRONICS 

Dual-gate MOSFET Q4 is used as a regenerative amplifier in this circuit. An active antenna feeds 
the signal to Q4, and a short whip antenna is adequate. Detector Q5 feeds volume control R24, and 
audio amplifier U5, an LM386. The frequency range is 49 to 11 meters in nine bands (6 to 27 MHz). 
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ONE-TUBE REGENERATIVE SW RECEIVER 



Top of coil LI '7 Turn 


23 


L2 f 1 3 Turn 


Spacing between 
coils is V8 inch 
Bottom of coil 


5 ± 


L3 6 Turn 

JL. 


L4 >■ 9 Turn 


L5 (■ 6 Turn 


TO 


-► To ground 

-^ToCI Al 

Ground w , 

-►To tap of 7 [T 

-► To RFC1 r 

ea 

►-To 9 of L5 
-► To tap 4 of L2 

-► To C3 & R1 
-► To pin 6 of L3 
To plate pins 2&6 


All coils are close 
wound with 
#24 or 26 enameled 
magnet wire. 
Spacing between 
each coil is Vo inch. 


How to wind LI, L2, and L3 with taps. This receiver tunes in 
the 40- and 80-meter range of frequencies. 


McGRAW-hill Fig. 76-10 

A 154 tube is used in a regenerative detector circuit. Details for coils are shown and frequency 
range can be shifted within 1.5 to 20 MHz by proportionally adjusting the number of turns on coils. 
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ONE-TUBE REGENERATIVE AM RECEIVER 



15 turns of #24 or 
#26 enameled wire 


Wind both coils on PVC pipe using either #24 or #26 enameled wire. For coil LI, wind 108 
turns on the pipe, and tap every 10 turns. 


McGRAW-HILL 


Fig. 76-11 


Suitable for AM reception and as a simple radio project, this circuit uses a single tube as a re¬ 
generative detector. 
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TWO-BAND RADIO 


70 turns #24 enameled wire 



Ferrite rod 


0.333-inch 
diameter 

A LI 

* 12 turns 

#24 enameled wire 
(close wound) 


Scramble wound 
250 turns 

#30 enameled wire 
L3 


Broadcast band 
MW 


L2 

70 turns 

#24 enameled wire 
(close wound) 


To To 
SWT pin 8 


To 

SW1 


To 
pin 8 


All three coil windings are wound on one long ferrite form. Two different coils are switched 
into the circuit, covering the longwave (Iw) and medium-wave (mw) broadcast band. 


McGRAW-HILL 


Fig. 76-12 


This TRF receiver covers the AM broadcast band and longwave bands (used in Europe and Asia 
for broadcasting). A loop antenna is used for reception and an external antenna can be connected. 
Frequency coverage is 150 to 1600 kHz. 


548 




SIMPLE CRYSTAL RADIO 



Ground 


li LI 

25 turns L2 

#24 or #26 90 turns #22 

enameled wire enameled wire 



Wind 90 turns or 2'A inches of #22 enameled wire for L2, and 25 turns of #24 or #26 
enameled wire for LI on a 1 ^-inch PVC plastic pipe form. 


McGraw-hill Fig. 76-13 

An IN34A (Dl) is used as a detector in Lliis crystal radio. A good outdoor antenna should be used. 


549 
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IkQ 


VIDEO LINE RECEIVER 



ANALOG DEVICES 


Fig. 76-14 


This circuit can achieve 46-dB common- 
mode rejection if Rl, R2, R3, and R4 are matched 
to 1%. Cl is adjusted for best CMR above 1 MHz. 


TWO-CHIP AM RECEIVER 



•SEE TEXT 


POPULAR ELECTRONICS pjg 76-15 

This receiver is comprised of a TDA7000 single-chip FM receiver (IJl), an LM386 low-voltage au¬ 
dio-power amplifier (U2), a pair of hand-wound coils (LI and L2), and a few additional components. 
LI and L2 are 100 turns of #28 wire on toroidal cores (about 240 pH each). LI is-tapped at 30 turns. 



RELAY INTERFACE TO RC RECEIVERS 



POPULAR ELECTRONICS 


Fig. 76-16 


You can add relays to some inexpensive RC receivers to operate your own chassis. 
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ONE-TUBE AM RECEIVER 



POPULAR ELECTRONICS Fig. 76-19 

This radio uses an untuned RF stage to boost the signal voltage up to the linear portion of the 
crystal diode’s characteristic curve. The circuit’s distortion and wide bandpass and a good-quality 
transformer make for a great-sounding AM radio. LI is a winding of #22 enamelled wire 2" long on a 
2" diameter plastic pipe. T1 is a tube-type radio output transformer, rated at 2000 Q to the speaker 
voice coil. 


BALANCED LINE RECEIVER 


HI R2 I--O -v OOT 



analog devices Fig. 76-20 

Unity-gain inverter U2 drives R4 (usually grounded at -U out , equalizing currents in ±input legs, 
and provides a choice of balanced p-p output with a gain of R.'/R^). 
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SUPERHET FRONT END 



radio craft Fig. 76-21 

This superhet receiver front end is simple and uses an NE602 followed by an MC1350 IF amplifier. 


RECEIVER PREAMP 



william sheets Fig. 76-22 

Suitable for HF and VHF receivers, this preamplifier can be mounted on the back of the receiver 
for a boost in gain. Useful gain is about 17 dR at 50 MHz. 
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REGENERATIVE RECEIVER FOR 6 TO 17 MHz 
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TWO-STAGE TRF REGENERATIVE RECEIVER 

:R DETECTOR AUDIO AMPLIFIER 
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ELECTRONICS NOW Fi 9- 76-24 

This regenerative receiver uses a tuned RF stage to improve performance. The coil in Fig. 76-24D is for the purpose of adding 
a second regenerative stage (RF amp). This coil is L5 in the schematic. 










ECONOMY SHORTWAVE RECEIVER 



NOTES: 2 FOR COIL WINDING 
DIRECTIONS SEE FIG. 9 


NOTES: 

1. ALL WINDINGS ARE N0.22 
INSULATED STRANDED COPPER 
HOOKUP WIRE 

2. 1-IN. OD PLASTIC PILL BOTTLE 

3. 1-IN. OD PVC PIPE OR NOTE 3 


6 TURNS 



REFER TO FIG. 11 


ELECTRONICS NOW 


Fig. 76-25 


Using three transistors, this receiver covers the range of 6 to 17 MHz. Coils can be altered to 
change the range to a lower or higher frequency. 
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VARIOMETER-TUNED RADIO 


The two fixed coils of the variometer, LI and 
L3, are wound on an 814-inch-long piece of 1-inch- 
diameter plastic pipe (its outer diameter is about 
IK inches). Each coil is 2/ inches long. The num¬ 
ber of turns is not critical, but 86 tightly wound 
turns of #22 enameled wire were used. When 
winding the coils, make sure you start at a point 
that will allow them to be placed 2 inches apart 
on the pipe. Drill holes in the pipe and run the 
leads of the coils out the end of the pipe that is 
closest to each. 

The movable coil, L2, is wound on a piece of 
114-inch plastic pipe (its outer diameter is about 
VA inches). The winding is 2 inches long. Like LI 
and L3, the actual number of windings of this coil 
are not critical, as long as the winding is approxi¬ 
mately the right length. 

POPULAR electronics Fig. 76-26 


OLD-FASHIONED CRYSTAL RADIO 

Antenna 


Coil: Wound on 10" long 2" 
diameter form 

LI: 200T #24 on 2" dia. form 
L2\ 200T #24 on 2" dia. form 
spaced V4" from LI 
tapped at 80, 120, 160 turns 


william sheets Fig. 76-27 

LI and L2 are wound on 4" diameter 10" form and are 200 turns of #24 wire. PVC pipe can be used. 
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WWV RECEIVER 
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antenna is usually adequate. 
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Reference Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Low-Voltage Reference 
Positive Voltage Reference 
Negative Voltage Reference 
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LOW-VOLTAGE REFERENCE 


Output table 

Vout(V) Rl «2 R3 R4 



ELECTRONIC DESIGN Fig. 77-1 

This circuit illustrates a number of techniques that are useful for low-voltage, series-mode, 
power-efficient references. Intended for output currents of up to 10 mA, this design has an enabled 
standby current of about 100 jiA; it can be easily programmed over a wide range of output voltages. 


POSITIVE VOLTAGE REFERENCE 



NATIONAL SEMICONDUCTOR Fig. 77-2 

D1 is used as a reference. R2, R3, and R4 pro¬ 
vide desired output voltage to the op-amp volt¬ 
age follower. 


NEGATIVE VOLTAGE REFERENCE 



NATIONAL SEMICONDUCTOR Fig. 77-3 

D1 is used as a reference. R2, R3, and R4 are 
voltage dividers to obtain desired output voltage 
to the op-amp voltage follower. 
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Regulator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

3.3-V 1-A Surface-Mount, Regulator 
Logic Control of 78XX Regulator 
Low-Cosi Step-Down Regulator 
Dual-Output Regulator 
Low-Noise Regulator (5 to 3.3 V) 

Reducing Ripple in a Switching Voltage Regulator 

Low-Dropout Three-Terminal Regulators for New Microprocessor Applications 

Low-Dropout Regulator 

Positive Regulator Sinks Current 

5- to 3.3-V Surface-Mount. Switching Regulator 
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3.3-V 1-A SURFACE-MOUNT REGULATOR 


21 1.13 0-ImF! 


Vin 

pwrv in 

LB,h 

SW 

LTC126S-3.3 

LBour 

PGND 


SHUTDOWN 

Ithr 

NC 

SENSE 

SENSE* 


' AVX TPSE686K020 
' ‘ AVX TPSE227K010 
f COILCRAFT 003316-473 
Tt OALE WSL2010-0 1-1% 


+]_Cin’ 
=Z68mF 
J 20V 


< RstNS€ n 

>oin 

T VOUT 

I 3.3V 

+ 1 Cout” 1A 
ZZZ 220uf 
T iov 

- own F<M 


LINEAR TECHNOLOGY Fig. 78-1 

This figure shows a typical LTC1265 surface-mount application. It provides 3.3 V at 1 A from an 
input voltage range of 4 V to 12 V. The peak efficiency approaches 93% at mid-current levels. 


LOGIC CONTROL OF 78XX REGULATOR 


electronics now Fig. 78-2 

Transistors can be used to control any 78xx series regulator with logic signals. Both transistors 
are controlled by the logic level present at the base of Ql. 
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LOW-COST STEP-DOWN REGULATOR 
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This inexpensive and efficient discrete step-down regulator is based on a complementary transistor arrangement that uses 
both positive and negative feedback and is referenced to a Zener diode. Inductor LI is selected to maintain the switching fre¬ 
quency above the audible range for the intended operating load. The output filter L2 and C4 reduces ripple to less than 10 mV 
p-p over a large range of loads, with only a slight decrease in efficiency. 




DUAL-OUTPUT REGULATOR 


INPUT 
6V ■ 
TO 25V 


INPUT BOOST 
LT1376-5 

V SW 
BIAS 
SENSE 
SHDNGND V C 

T 


X 


C3 

22nF 

35V 

TANT 




C2 

O.lpF 


x 


ti 


R c 

4700 

C C 

0.01 M F 


GND 

C4‘* 

* LI IS A SINGLE CORE WITH iqOuF 
TWO WINDINGS. COILTRONICS iQV —i— 
CTX10-2P TANT I 

* *AVX TSPD107M010 
r IF LOAD CAN GO TO ZERO. AN OPTIONAL 
PRELOAD OF Ik TO 5k MAY BE USED TO 
IMPROVE REGULATION 


LI* 

10fiH 


D2 

1N914 

+4 



01 

1N5818 


LI* 




C5** 

lOOpF 

10V 

TANT 


OUTPUT 

5V 


Cl** 

■ lOOpF 
' 10V 
TANT 


+ “ 


i 


D3 

1N5818 


OUTPUT 
-5 V' 


LINEAR TECHNOLOGY 


Fig. 78-4 


Tf load can go lo.zcro, an optional preload of 1 to 5 k£2 can be used to improve regulation. Many 
modem circuit designs still need a dual polarity supply. Communication and data acquisition are typ¬ 
ical areas where both 5 V and -5 V are needed for some of the IC chips. 

The current mode architecture and saturating switch design allow the LT1376 to deliver up to 
1.5-A load current from the 8-pin SO package. LI is a 10-pH surface-mount inductor from Coiltron- 
ics. The second winding is used to create a negative-output SEPIC (Single-Ended Primary Induc¬ 
tance Converter) topology using D3, C4, C5, and the second half of FI. This converter takes 
advantage of the fact that the switching signal driving LI as a positive buck converter is already the 
correct amplitude for driving a -5-V SEPIC converter. During switch-off time, the voltage across L is 
equal to the 5-V output plus the forward voltage of Dl. An identical voltage is generated in the sec¬ 
ond winding, wliich is connected to generate -5 V using 1)3 and C5. Without C4, this would be a sim¬ 
ple flyback winding connection with modest regulation. The addition of C4 creates the SEPIC 
topology. Note that the voltages swing at both ends of C4 is theoretically identical—even without the 
capacitor. The undotted end of both windings goes to a zero ac voltage node, so the equal windings 
will have equal voltages at the opposing ends. Unfortunately, coupling between windings is never per¬ 
fect, and load regulation at the negative output suffers as a result. The addition of C4 forces the wind¬ 
ing-potentials to be equal and gives much better regulation. 
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LOW-NOISE REGULATOR (5 TO 3.3 V) 



V; N 


LTC1574 

LBiN 

SHUTDOWN 

LBqut 

SW 

I PGM 

Vre 


GND 


2.4.13.15 


ir 


IDOiiF- 

10V 


3, 14 


LI” 

lOOpH 


33k. 




C2 

6.8nF 

+ 


T 


ViN 

5V 


v OUT 

33V 

425mA 


1 OOjjF" 
10V 


_L ' AVX TPSD107K01Q 
” " COUTRONICS CTX100-4 


LINEAR TECHNOLOGY 


Fig. 78-5 


In some applications, it is important not to introduce any switching noise within the audio fre¬ 
quency range. To circumvent this problem, a feed-forward capacitor can be used to shift the noise 
spectrum up and out of the audio band with C2 being the feed-forward capacitor. The peak-to-peak 
output ripple is reduced to 30 mV over the entire load range. A toroidal surface mount inductor LI 
is chosen for its excellent self-shielding properties. 


REDUCING RIPPLE IN A SWITCHING 
VOLTAGE REGULATOR 


Switching Transistor 



NASA TECH BRIEFS Fig. 78-6 


Simple additional circuitry that consists of 
relatively small components can reduce the out¬ 
put ripple by a factor of about 10. The additional 
components are indicated by the dashed lines. 

A current opposing the ripple is injected into 
the filter capacitor. The essence of the present 
technique is to inject, into tlus capacitor, a. cur¬ 
rent opposite to that which already flows into 
this capacitor. A small additional winding, Li, in 
inductor L0 provides transformer coupling to 
generate the current that opposes the original 
ripple current. The circuit from LI through CO is 
completed by a small additional external induc¬ 
tor L2 and coupling capacitor Cl. 
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LOW-DROPOUT THREE-TERMINAL REGULATORS 
FOR NEW MICROPROCESSOR APPLICATIONS 


Recommended LT1584 Adjustable Circuit for 
the Intel P54CT Microprocessor 



LINEAR TECHNOLOGY 


Fig. 78-7 


The LT1584/LT1585/LTL1587 are high-performance, low-dropout regulators designed to meet 
the demands of the newest liigh speed, low voltage microprocessors. These devices are designed to 
regulate from 5-V supplies to output voltages between 1.25 V and 3.6 V. The LT1584 can provide up 
to 7 A of current, making it ideal for powerful Pentium processor or similar applications. The LT1585 
can supply up to 4 A, wliile the LT1587 supplies up to 3 A. The excellent transient response capabil¬ 
ity allows them to maintain good regulation even with significant load steps. Fixed 3.3 V, 3.45 V, 3.6 
V and adjustable output voltages are available. 


LOW-DROPOUT REGULATOR 



OUTPUT TABLE 


V OUT 

R1 

V IN (min) 

6V 

383k» 

6.2V 

5V 

301 Icq 

5.2V 

4V 

226kn 

4.2V 

3.3V 

169ku 

3.5V 

3.0V 

I43kn 

3.2V 

C2 

1 D0|iF J$V 
[LOW ESfll 



ELECTRONIC DESIGN 


Fig. 78-8 


This low-dropout reference produces a 4.5-V output from a supply just a few hundred mV 
greater. With 1-mA dc loading, it maintains a stable 4.5-V output for inputs down to 4.7 V. 
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POSITIVE REGULATOR SINKS CURRENT 



ELECTRONIC DESIGN Fig. 78-9 

Generally speaking, conventional positive voltage regulators can only source current; they can’t 
sink it. However, the positive regulator shown breaks that rule because it can perform both functions. 
The idea is to have the control transistor Q1 in shunt, so that the regulator can either source or sink 
current. 

The circuit provides +3-V output from a +5-V supply. U1 is a bandgap reference that supplies a 
stable +2.5-V reference to the error amplifier (Al). The output, voltage (V 0 ) is sampled by the resis¬ 
tor network (R1 and R2). If V () were to increase, Al will drive the base of Q1 harder, increasing the 
collector current (7 C ). 

This increases the drop across R3 and V Q decreases, thus regulating the output voltage. The out¬ 
put voltage is given by V 0 = 2.5(1 + RJR^. 

Under no load conditions, Q1 draws 110 mA [(V ifl -U 0 )/R ;t ], With a load connected, and as the 
regulator begins to source load current (/J, I r decreases to keep the drop across R3 constant. 

At /, =100 mA, Q1 carries 10 mA. If R L is connected to the positive supply higher than V Q , then 
the regulator must sink current, and l L becomes negative. At/, = -100 mA, Q1 carries 210 mA while 
maintaining the output voltage at +3 V. The output voltage will remain constant at +3 V—even if the 
load current changes sign. 

With the proper heatsink on Q1, the regulator can sink more than 300 mA. If a “sink only” option 
is desired, the dissipation in Q1 can be reduced by using a 180-Q resistor for R3. R4 limits the base 
current drive for Q1 and prevents the output of Al from being clamped at 2 V BE . 


5- TO 3.3-V SURFACE-MOUNT SWITCHING REGULATOR 

v lN _ _^_ 

This converter provides 3.3 V at 150 mA 
from an input voltage of 5 V. Peak inductor cur¬ 
rent is limited to 340 mA by connecting pin 6 
(/pG M ) t° ground. For applications requiring 
higher output current, connect pin 6 to V^. Un¬ 
der this condition, the maximum load current is 
increased to 425 mA. 

LINEAR TECHNOLOGY Fig. 78-10 
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Relay Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Latching Relay Alarm Circuit 
Momentary Relay Circuit 
Latching Relay Driver for +12-V Loads 
High-Impedance Relay Driver 
Latching Relay Driver 
Transistor Relay Driver 
Fast Tum-On/Delayed-Off Relay Circuit 
Low-Frequency Relay Oscillator 
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LATCHING RELAY ALARM CIRCUIT 



} Output 
to alarm 



WILLIAM SHEETS Fig. 79-1 

Momentarily closing any sensors will cause K1 to latch. SI must be depressed to reset circuit. If 
any sensor is still closed circuit will not reset. 


MOMENTARY RELAY CIRCUIT 


4.7 Ml 



12-V 

500-0 coil 


WILLIAM SHEETS 


Fig. 79-2 


The charging current of a capacitor can be used if a momentary relay-on circuit is needed. De¬ 
pending on the relay characteristics, C will vary from 1000 to 4000 pF or so for a 1-s hold time if a 
500-£2 relay is used. R n discharges capacitor C to ready the circuit for the next operation. The value 
should be liigh enough so as not to maintain the relay closure at highest expected supply voltage. 
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LATCHING RELAY DRIVER FOR +12-V LOADS 



WILLIAM SHEETS Fig. 79-3 

A 4-V signal will cause the relay to pull in when Q1 turns on. Latching is obtained by feedback 
through a 4.7-kQ resistor. A switch is used to select latching or nonlatching operation. A NO push¬ 
button releases the circuit. 


HIGH-IMPEDANCE RELAY DRIVER 



william sheets Fig. 79-4 

A CMOS gate is used to drive a switching transistor and relay. 
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LATCHING RELAY DRIVER 



WILLIAM SHEETS Fig. 79-5 

An input of 4 V or greater will drive this circuit. When the relay pulls in, one pair of contacts is 
used to latch the relay closed. It will remain closed until SI is pressed. 


TRANSISTOR RELAY DRIVER 


WILLIAM SHEETS 

An input of 4 V or greater will drive this relay circuit. 


Fig. 79-6 
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FAST TURN-ON/DELAYED-OFF RELAY CIRCUIT 


+ 12-V a 
coil input 


IN4002 

-Ob 



12-V Relay 
R = see text coil 



WILLIAM SHEETS Fig. 79-7 

C is a large capacitor that has a charge time of # supply C, assuming i? supply < i? coi] . The discharge 
time will be R coil C neglecting relay coil inductance. With C = 10,000 pF and R coii = 500 Q, a release 
time constant of 5 seconds might be obtained. Many relays will hold in until the coil current decays 
to 25% of the pull-in current so that the actual time constant depends on the relay holding current. 


LOW-FREQUENCY RELAY OSCILLATOR 



NC 

C 

NO 



WILLIAM SHEETS Fig. 79-8 

Depending on the value of C and the resistance of the relay coil, and the difference in pull-in and 
drop-out voltage, this circuit will oscillate at a low frequency. R limits in rush current to capacitor C 
to a level that the relay contacts can handle. Typically, for a 400-L2 relay, R can be 20 to 440 ohms. 
Flash rate is approximately 1 cycle/second, depending on the relay. 


572 


80 

Sample-and-Hold Circuits 

Th e sources of the following circuits arc contained in the Sources section, which begins on page 
707. The figure number iri the box of each circuit correlates to the entry in the Sources section. 

Micropower 4-Channel Sample-and-Hold Circuit 
Low-Drift Sample and Hold 
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MICROPOWER 4-CHANNEL SAMPLE-AND-HOLD CIRCUIT 


♦9V 



maxim Fig. 80-1 

Three Maxim ICs make up this sample-and-hold circuit. The supply current is only 6 pA. 


LOW-DRIFT SAMPLE AND HOLD 

Low Drift Sample and Hold* 


y- R1 



NATIONAL SEMICONDUCTOR 


Fig. 80-2 
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Sawtooth Generator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Op-Amp Linear Sawtooth Generator 
Sawtooth Generator 
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OP-AMP LINEAR SAWTOOTH GENERATOR 



POPULAR ELECTRONICS 


Fig. 81-1 


Q1 is connected in a simple constant-current generator circuit. The value of Ql’s emitter resistor 
sets the constant-current level flowing from the transistor’s collector to the charging capacitor, Cl. 

One op amp of an LM324 quad op-amp IC, Ul-a, is connected in a voltage-follower circuit. The 
input impedance on the voltage follower is very high and offers little or no load on the charging cir¬ 
cuit. The follower’s output is connected to the input of Ul-b, which is configured as a voltage com¬ 
parator. The comparator’s other input is tied to a voltage-divider setting the input level to about 8 V. 

The output of Ul-b at pin 7 switches high when the voltage at its positive input, pin 5, goes above 
8 V. That turns on Q2, discharging Cl. The sawtooth cycle is repeated over and over as long as power 
is applied to the circuit. 

The sawtooth’s frequency is determined by the value of C\ and the charging current supplied to 
that capacitor. As the charging current increases, the frequency also increases, and vice versa. To in¬ 
crease the generator’s 'frequency range, decrease the value of C v and to lower the frequency, in¬ 
crease the value of C v The output is about 3 to 5 V. 
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SAWTOOTH GENERATOR 


-VA- 

R1 
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POPULAR^LECTRONICS Fig. 81-2 

A sawtooth waveform generator circuit using a 555 IC is shown. The IC is connected in an 
astable oscillator circuit with the majority of the output contained in the positive portion of the cy¬ 
cle. The negative output is a very brief pulse. 

Capacitor C2 charges through R3 in a positive direction during the time that the IC’s output (at 
pin 3) is high. When the output goes negative, C2 is rapidly discharged through D1 and the IC’s out¬ 
put. 

Peak-to-peak sawtooth output is about 1V. The linearity of this circuit is best when R3 is as large 
as possible. The oscillator’s frequency is about 200 Hz and can be.increased by lowering either the 
value of or C A ; to decrease the frequency, increase the values of those components. 
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Scanner Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

FM Scanner Noise Squelch 
Scanner Silencer 

Shortwave Converters for Scanners 
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FM SCANNER NOISE SQUELCH 


FM 



NATIONAL SEMICONDUCTOR Fi 9- 82 ^ 

The LM389 is operated in the cut-off mode with pin 12 grounded via one of the internal transis¬ 
tors. A sample of detected noise is taken through a 5-kHz filter. Upon reception of signal, the detec¬ 
tor output quiets, and noise level drops. This increases impedance at pin 12 of the LM389, causing 
audio to be passed. The three transistors are part of the LM389. 


SCANNER SILENCER 



POPULAR ELECTRONICS Fi 9- 82 ' 2 

When a scanner is used at amateur radio or GB stations, the scanner sometimes picks up trans¬ 
mitted signal and howls or squeals. When RF is detected, Q1 turns on, energizing K1 and discon¬ 
necting the scanner speakers. SOI is connected to the transmit antenna lead via a tee fitting. Cl is 
optimum for 5- to 10-W 30-MHz use. For higher power or higher frequencies, reduce Cl to as low as 
needed. If Cl is so small as to be impractical, R1 can be shunted with a 10- or 22-pF capacitor, as 
needed. 
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SHORTWAVE CONVERTERS FOR SCANNERS 



73 AMATEUR RADIO TODAY Fig. 82-3 

The AM aircraft band at 118 to 136 MHz is used in tliis converter design as an IF output. The sec¬ 
ond harmonic of the 55-MHz crystal (110 MHz) mixes with the shortwave input of 8 to 36 MHz. An 
NE602 1C is used for the mixer. Sensitivity is about 3 |iV. If.desired, a crystal tuning circuit for fine 
tuning can be obtained using a varactor. 
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83 

Siren, Warbler, and Wailer Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to.the entry in the Sources section. 

Fire Siren 
Warble Oscillator 
Electronic Siren 
Wailing Sound Generator 
Two-Tone Siren 
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FIRE SIREN 



WILLIAM SHEETS pj g gg.f 

IC1 is an LF oscillator that is variable in attack and decay time with R1 and R2. The LF output 
modulates HF oscillator IC2. R5 varies the modulation depth. By proper control adjustment, sirens 
of various types can be simulated. 


WARBLE OSCILLATOR 



Sections A & B form an oscillator running at 2 Hz, which gates sections C and D, a 1-kHz oscilla¬ 
tor. This drives the TIP31 speaker driver. 
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ELECTRONIC SIREN 



popular Electronics Fig. 83-3 


In this circuit, the LM3909 is used in a simple 
electronic siren. When Si is closed, C2 begins to 
charge rapidly through Rl. When the charge on 
C2 reaches about, 1 V, the oscillator starts. As the 
voltage across Cl increases toward + V, the oscil¬ 
lator’s output frequency also increases. Releasing 
(opening) SI removes power from the circuit. 
The oscillator continues to operate, with a de¬ 
cline in output volume and frequency until Cl 
discharges to about the 1-V level. 

Experiment with the siren circuit by select¬ 
ing different R 1 /C 2 combinations to obtain a de¬ 
sired rise and fall output. Change the value of C, 
to vary the oscillator’s frequency. Keep the value 
of R 2 at or above 47 Q to protect the IC from 
drawing too much current. 


WAILING SOUND GENERATOR 


T1 



WILLIAM sheets Fig. 83-4 

In this circuit, C2 and T1 determine the tone generated and C,//? 2 control the blocking rate. The 
signal produced is an interrupted tone, like a police whistle or toy ray gun, depending on Cl and 02. 


583 





TWO-TONE SIREN 


K3 R4 


IC1, IC2 LM3909 LED.flasher/oscillator 


SPKR 

small 8 fl speaker 




Cl 

0.1 p.F capacitor 


- 8 

5 

C2 

470 nF 6 V electrolytic capacitor 

C2r 

— 

IC2 

R1 

10 kft 'A W 5% resistor 


F 


R2 

4.7 kft 'A W 5% resistor 


- 2 


R3 

100 H potentiometer 



4 

R4 

33 fl 'A W 5% resistor 



X 


mcGraw-hill Fig. 83-5 

IC1 generates the main siren tone while IC2 generates a low-frequency square wave, switching 
IC1 between two different tones. 


584 




84 

Sound-Effects Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Complex Sound-Effect, Generator 
Dual-Tone Generator 
Surf Man Sound Generator 
Electronic Whistle 
Bird-Chirp Sound-Effect Generator 
Robotic Chatter Sound Generator 
Electronic Wind Chime 
Gunshot Sound-Effects Generator 
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COMPLEX SOUND-EFFECT GENERATOR 


+ 5 V 



ICT-IC4 

LM3909 LED flasher/oscillator 

C4 

47 p.F 6 V electrolytic capacitor 

!C5 

7400 quad NAND gate 

C5 

33 |xF 6 V electrolytic capacitor 

SPKR 

small loudspeaker 

C6 

4,7|iF6V electrolytic capacitor 

SI, S2, S3 

SPST switch 

R1, R3, R5 

2.2 kft Vi-W 5% resistor 

Cl 

0.1 jxF capacitor 

R2, R4, R6 

10 kft potentiometer 

C2 

22 pF 6 V electrolytic capacitor 

R7 

33 ft % W 5% resistor 

C3 

10 n.F 6 V electrolytic capacitor 

R8 

100 ft potentiometer 

McGRAW-HILL 



F 


This system uses four free running oscillators to produce a wide variety of complex sounds. LF 
oscillator IC3 modulates IC2, which modulates IC1. The audio from IC1 is combined with a variable 
■frequency from IC4. Switches at various points allow oscillators IC3 to be switched in or out, IC1 and 
IC2 to be varied in frequency, and IC4 also can be varied in frequency. The circuit is not critical and 
different arrangements can be tried to produce various sound effects. 
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DUAL-TONE GENERATOR 


♦9V-12V 



POPULAR ELECTRONICS Fig. 84-2 


Tvvo 555 oscillator/timers are configured similarly as audio oscillators, with each oscillator feed¬ 
ing a separate speaker. 

A dual 100-kft potentiometer is use to tune the two oscillators simultaneously. The oscillators’ 
frequency range is controlled by a dual-transistor switch, which selects the timing capacitor for both 
oscillators. Although the circuit only shows two range-switching circuits, any number can be added 
by simply duplicating the two-transistor switching circuit. 


587 








SURF MAN SOUND GENERATOR 



ELECTRONICS NOW 


Fig. 84-3 


Three low-frequency oscillators (ICld, e, 0 are used to simulate “wave action” of the surf. Q1 is 
an emitter-base junction used as a diode noise generator, biased by dc derived from oscillator ICl-c. 
The noise is fed into two voltage-controlled filters R22, R23, C12, C13, with D3 and D4 as “tuning” el¬ 
ements. The low-frequency oscillator signals randomly vary the filters, therefore, the spectrum of 
the noise signal fed through them. This simulates the sound of a surf. 
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ELECTRONIC WHISTLE 



WILLIAM SHEETS Fig. 84-4 

The circuit shown is a twin-tec oscillator. R1 varies the pitch, R2 the duration, and R3 the for¬ 
mat (bell, rise & fall time, etc.). Vary R4, R5, C4 and C2, C3 for large shifts in frequency. 


BIRD-CHIRP SOUND-EFFECT GENERATOR 


+ 1.5 V 



LM3909 LED flasher/oscillator 1C 

33 p-F 5 V electrolytic capacitor 

0.1 m-F capacitor 

15 kH V* W 5% resistor 

33 n Vi W 5% resistor 

250 H potentiometer 

small 8 0 speaker 


McGRAW-HILL 


Fig. 84-5 


A low-frequency oscillator modulates a higher frequency oscillator, which drives the speaker. 
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ROBOTIC CHATTER SOUND GENERATOR (Cont.) 



IC1-IC4, IC6 

LM3909 LED flasher/oscillator 

R5 

6.8 kfl 14 W 5% resistor 

IC5 

74LS138 three-line to eight-line decoder 

R6 

10 kfl potentiometer 

SPKR 

small loudspeaker 

R7 

2.2 kfl 14 W 5% resistor 

Cl 

10 pF 10 V electrolytic capacitor 

R8 

33 kfl 14 W 5% resistor 

C2 

22 pF 10 V electrolytic capacitor 

R9 

3.9 kn % W 5% resistor 

C3 

33 pF 10 V electrolytic capacitor 

R10 

4.7 kn 14 W 5% resistor 

C4 

100 pF 10 V electrolytic capacitor 

R11 

100 kn 14 W 5% resistor 

C5 

0.01 pF capacitor 

R12 

470 kfl '/« W 5% resistor 

C6 

0.1 pF capacitor 

R15 

100 n potentiometer 

R1, R3, R14 

10 kn potentiometer 

R16 

33 n 14 W 5% resistor 

R2, R4, R13 

3.3 kn 14 W 5% resistor 

R17 

1 Mn 14 W fixed resistor 


ELECTRONIC WIND CHIME 


R2 R3 



McGraw-Hill Fig. 84-7 


The value of controls the damping or de¬ 
cay time of the feedback circuit (a twin Tee oscil¬ 
lator). When SI is closed, the circuit breaks into 
oscillation. When SI is opened, the circuit stops 
oscillating generating a decaying tone like a bell. 
The frequency is approximately 'ARC. Cl, C2, and 
C3 are typically in the 0.01-pF.range. 
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GUNSHOT SOUND-EFFECTS GENERATOR 


+9Vdc 



McGRAW-HILL Fig. 84-8 

Gunshot sound-effects generator built around a Texas Instruments SN76477 sound chip. An in¬ 
put pulse causes IC1 to generate a gunshot sound. 
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Square-Wave Generator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Square-Wave Generator 

Sharp Square Waveforms from Multivibrator 
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SQUARE-WAVE GENERATOR 


117 VOLTS 



I- L___’J 


POPULAR ELECTRONICS Fig. 85-1 

A 60-Hz waveform from T1 drives an audio amplifier to clipping. Output is 60 Hz with about 0- to 
1.4-V p-p amplitude. 


SHARP SQUARE WAVEFORMS FROM MULTIVIBRATOR 



ci 


william sheets Fig. 85-2 

By using diodes as shown, the loading effect on the collector of the transistors caused by the tim¬ 
ing capacitors can be avoided. As the collector of the transistors rises toward V cc , the diode discon¬ 
nects the timing capacitors. 
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86 

Staircase Generator Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number iri the box of each circuit correlates to the- entry in the Sources section. 

Stepped Triangle Waveform Generator 
Video Staircase Generator 
Free-Running Staircase Wave Generator 
Up/Down Staircase Wave Generator 
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STEPPED TRIANGLE WAVEFORM GENERATOR 


+9V 



POPULAR ELECTRONICS Fig. 86-1 

Tvvo gates of a 4011 quad two-input NAND gate (Ul) are connected in a pulse generator circuit. 
The square output at pin 4 of Ul-b, connects to the clock input, pin 14, of a 4017 decade counter IC 
(U2). For each input clock pulse, the 4017 takes a single step. Because the 4017 counter is set up to 
count ten and then repeat the count, the stepped output frequency will only be Zo of the clock fre¬ 
quency. For a 100-Hz output, the clock generator must operate at 1 kHz. 

The 4017’s positive output pulses begin at pin 3 and progress to pin 11 in a serial manner. The 
first output pulse, at pin 3, passes through D1 and R8 and appears across R4 to produce the first step 
up the triangle. The second pulse is routed through D2 and R7 to produce the second step. The out¬ 
puts at pins 10 and 1 form the .top of the waveform and outputs at pins 5, 6, 9, and 11 produce the 
down steps. 
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VIDEO STAIRCASE GENERATOR 


COMP BLANKING 


Clock 
252 kHz 
(16 H) 


WILLIAM SHEETS 



Using a 74HC161 counter and a simple L)-A converter using an op amp and resistor network, a 
very simple video staircase generator for gray-scale generation (12 bars) can be obtained. The out¬ 
put is clean and mostly free of “glitches.” 
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FREE-RUNNING STAIRCASE WAVE GENERATOR 



NATIONAL SEMICONDUCTOR Fig. 86-3 


Tills free-running staircase generator uses all four of the amplifiers, which are available in one 
LM3900 package. Amp 1 provides the input pulses that “pump up” the staircase via resistor R1. Amp 
2 does the integrate and hold function and also supplies the output staircase waveform. Amps 3 and 
4 provide both a compare and a one-shot multivibrator function. Resistor R4 is used to sample the 
staircase output voltage and to compare it with the power supply voltage (7+) via R3. When the out¬ 
put exceeds approximately 80% of V+ the connection of Amps 3 and 4 causes a 100-ps reset pulse to 
be generated. Tliis is coupled to the integrator (AMP2) via R2 and causes the staircase output volt¬ 
age to fall to approximately 0 V. The next pulse out of Amp 1 then starts a new stepping cycle. 
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UP/DOWN STAIRCASE WAVE GENERATOR 




NATIONAL SEMICONDUCTOR Fig. 86-4 

This staircase waveform first steps up and then steps down by the circuit shown. An input pulse 
generator provides the pulses that cause the output to step up or down, depending on the conduc¬ 
tion of the clamp transistor, Ql. When this is ON, the “down” current pulse is diverted to ground and 
the staircase then steps “up.” When the upper voltage trip point of Amp 2 is reached, Ql goes OFF 
and as a result of the smaller “down” input resistor (one-half the value of the “up” resistor, Rl), the 
staircase steps “down” to the low-voltage trip point of Amp 2. The output voltage, therefore, steps 
up and down between the trip voltages of the Schmitt Trigger. 
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Stepper Motor Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Stepper Motor Pulse Generator 
Stepper Motor as Shaft Encoder 
Stepper Motor Encoder Circuit 
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STEPPER MOTOR PULSE GENERATOR 



ELECTRONIC DESIGN Fig. 87-1 

When the switch is in its normally dosed (NC) position, capacitors Cl and 02 are held dis¬ 
charged by diodes D1 and 02. Switching off transistor Q1 inhibits the voltage-controlled oscillator of 
the PLL. The two inputs and, hence, the output of the EX-OR gate (phase comparator 1) of the PLL 
remain at the logic 0 level. 

When the pushbutton impressed, Cl and C2 arc allowed to charge via resistors R1 and R2. The 
VCO is enabled only after a time delay (*0.5 second) set by Rl, R3, and Cl. During this delay period, 
the EX-OR gate output follows the logic level at the switch output. As a result, one-shot pulses can 
be generated by pressing the pushbutton, then releasing it within 0.5 second. R5 provides the 
switch-debouncing function. 

If the pushbutton is pressed for more than 0.5 second, the VCO is enabled. The rising voltage at 
the control input (pin 9) causes a linear increase in VCO frequency and thus accelerates the step¬ 
per motor. Releasing the pushbutton discharges Cl and C2 and inhibits the VCO. 


STEPPER MOTOR AS SHAFT ENCODER 



To use a stepper as a shaft encoder, the out¬ 
put signals must be converted to square waves 
with a pair of voltage comparators. 


ELECTRONICS NOW 


Fig. 87-2 
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STEPPER MOTOR ENCODER CIRCUIT 



602 


This circuit translates shaft rotation and direction to a readout on an LED display. A stepper motor is used as an encoder. 
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Switching Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Isolated Switch 

Analog Switched Inverter 

Analog Switch Circuit 

Low Output Impedance Multiplexer 

Op-Amp and Analog Switch RON Compensator 

Oscillator Triggered Switch 

Basic Zero-Crossing Switch Circuit 

Analog Switch 

Shunt Pin-Diode Switch 

Receiver Bandswitching 

Resistor Pin-Diode Swatch 

Digitally Controlled One-of-Four Analog Swatch 


Pin Diode Switch 
Transceiver T/R Switch 
Series/Shunt Pin-Diode RF Switch 
Auto-Off Power Switch 
Switch-On Delay Circuit 
HEXFET Switch Circuits 
Alternating On/Off Control 
Audio-Controlled Switch 
Switch Debouncers 
Simple Switch Debouncer 
Analog Switch Circuit 
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ISOLATED SWITCH 

+ 5-12V 



POPULAR ELECTRONICS p,g gg.f 

This dc-controlled switch uses an optoisolator/coupler, Ul, to electrically isolate the input signal 
from the output control device. 


ANALOG SWITCHED INVERTER 


QUAD 

SWITCH 



ANALOG DEVICES 


Fig. 88-2 


ANALOG SWITCH CIRCUIT 



ANALOG DEVICES 


Fig. 88-3 
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LOW OUTPUT IMPEDANCE MULTIPLEXER 



ELECTRONIC DESIGN Fl 9 • B8 ' 4 

Both inputs are terminated in their characteristic impedance; 75 ft is typical for video applica¬ 
tions. Because the output cables usually are terminated in their characteristic impedance, the gain is 
0.5. Consequently, amplifiers U2A and U2B are configured in a gain ol +2 to set the circuit gain at 1. 
R 2 and R 3 determine the amplifier gain; if a different gain is desired, R 2 should be changed according 
to the equation G = (1 + RJR.J. R5, LCL1, and D1 make up an asymmetrical charge/discharge time 
circuit that configures U1 as a break-before-make switch to prevent both amplifiers from being ac¬ 
tive simultaneously. The multiplexer transition time is approximately 15 [is with the component val¬ 
ues shown. 


OP-AMP AND ANALOG SWITCH RON COMPENSATOR 


RF 

10k 



ANALOG DEVICES 


Fig. 88-5 


This switch is in series with feedback resistor to compensate gain. 
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ANALOG SWITCH 



ELECTRONIC DESIGN FI9- 88-8 

This design lakes advantage of the strobed output stage of a CAS 140 amplifier. With the strobing 
capability, the circuit’s output voltage-can be set to either of the input voltages by grounding one of 
the control inputs, either A or B. 

When the strobe input at pin 8 is taken below 1 V, that amplifier is disabled. The remaining am¬ 
plifier then acts as a unity-gain high-impcdance buffer. 

The 10-kH output resistor enables the output, voltage to swing down to 20 mV from ground. The 
Zener-diode clamps and associated resistors connected at the strobe inputs can be omitted for the 
lowest-cost applications. However, experience has shown that they allow the amplifiers to shrug off 
the effect of high transient voltages. 

The circuit is particularly suited to 8-bit microcontroller applications, where the strobe inputs 
can be driven directly from two open-collector output ports under software control. 

The use of Schottky diodes for D1 and D2 makes possible an output swing of 2.5 V when the cir¬ 
cuit is powered from a 5-V supply. 


SHUNT PIN-DIODE SWITCH 


R1 SI 



This PIN-diode switching circuit directs sig¬ 
nals to ground when D1 is forward-biased. R1 is 
typically 470 Q to 2.2 kQ. C, = C 2 = 0.1 pF. 
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RECEIVER BANDSWITCHING 

BANDPASS FILTER N0.1 


L2 CS 

3.3|iH D1 82pF 



POPULAR ELECTRONICS 


Fig. 88-10 


Eight-band receiver front-end selection can be accomplished by using PIN diode switches. 


RESISTOR PIN-DIODE SWITCH 

si 



POPULAR ELECTRONICS pj g 

This circuit uses resistors instead of RF chokes to keep costs low. The values of R and R, should 
be no lower than about 1 k£T to minimize loss. 
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DIGITALLY CONTROLLED ONE-OF-FOUR ANALOG SWITCH 



Digital 

control 

inputs 


McGRAW-HILL 

IC1 = CD4066 
IC2 = CD4001 
IC3 = CD4049 
All capacitors = 0.1 jiF 


Fig. 88-12 


PIN DIODE SWITCH 

R1 SI 



POPULAR ELECTRONICS Fi 9- 88-13 

This PIN diode switch uses RF chokes and a single diode. R1 is typically 470 Q to 2.2 kQ. 
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TRANSCEIVER T/R SWITCH 



POPULAR ELECTRONICS Fjg gg .14 

This transceiver’s transmit/receive switch uses PIN-diode instead of a relay. On receive, D1 is cut. 
off, D2 is cut off and the antenna connects to the receiver. During transmit, D1 is forward-biased, as 
is D2. This connects the receiver input. This causes the input impedance of the transmission line to 
be high, so little transmitter power reaches the receiver. Although not shown in the schematic, the 
12-V supply should have a series resistor of 100 ft to 2.2 kft, depending on diode current, to limit 
diode current to a safe value. 


SERIES/SHUNT PIN-DIODE RF SWITCH 



POPULAR ELECTRONICS 


Fig. 88-15 


A combination of series and shunt switching, like that shown here, results in superior isolation 
between the input and output when in the off condition. 



AUTO-OFF POWER SWITCH 



MAXIM 


Fig. 88-16 


This timed switch circuit can be used where a timed power source is needed. The on-time is ap¬ 
proximately 4.6 RC. 


SWITCH-ON DELAY CIRCUIT 



l/e 

Load R < ——- 

'holding 

up to max. SCR rating 


WILLIAM SHEETS F, 9 m 88 ~ 17 

When SI is turned on, a very small current flows through the load. Almost the entire supply volt¬ 
age appears across the SCR. When Cl changes up to the firing voltage of Q1 (approximately the 
standoff ratio of Q1 times C usually 0.4 to 0.6 Vj through Rl, Q1 fires, turning on SCR1. This deliv¬ 
ers full voltage to load, minus SCR drop (about 1.2 V). Notice that load current must exceed SCR 
holding current. 
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HEXFET SWITCH CIRCUITS 


£• —O 


n 



)WER 

SOURCE 


•SEE TEXT 


n 


JJ3- - 

- - wv a 

R2* 

O -- 

R1* < 

4 

► 

» 

R3* 

— --- VA- - o, 


POPULAR ELECTRONICS p/g M 88-18 

The HEXFET can switch dc power to relays (as shown in A), motors, lamps, and numerous other 
devices. That arrangement can even be used to switch resistors in and out of a circuit, as shown in Fig. 
88-18B. R1, R2, and R3 are possible load resistors and represent load configurations that can be used. 


ALTERNATING ON/OFF CONTROL 



WILLIAM SHEETS fig. 88-19 

When the switch is closed, it causes a change in the state of pins 1 through 8. This will provide a 
toggle flip-flop action. 
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AUDIO-CONTROLLED SWITCH 



POPULAR ELECTRONICS Fig. 88-20 

The audio-controlled switch combines a pair of 741 op amps, two 2N222 general-purpose tran¬ 
sistors, a HEXFET, and a few support components to produce a circuit that can be used to turn on a 
tape recorder, a transmitter, or just about anything using sound. 


SWITCH DEBOUNCERS 



These circuits will cure problems caused by 
switch-contact bounce. The one shown in Fig. 
88-21A provides you a positive output pulse, and 
the one shown in Fig. 88-2IB provides you a neg¬ 
ative output pulse. 


ELECTRONICS NOW! 


Fig. 88-21 
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SIMPLE SWITCH DEBOUNCER 



Pressing SI discharges Cl through HI, causing Q1 to cut off, forcing the output high. Once Cl is 
discharged below the ^BK (ON) of Ql, switch bounce will have no effect on the output. 


WILLIAM SHEETS 


Fig. 88-22 
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Sync Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

PLD Synchronizes Asynchronous Inputs 
Sync Tip dc Restorer 
Sync Stretcher Circuit 
Synchronizer Circuit 
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PLD SYNCHRONIZES ASYNCHRONOUS INPUTS 



ELECTRONIC DESIGN 


Fig. 89-1 


A programmable electrically erasable logic (PEEL) device can easily supply the synchronizing 
function. Digital systems often require synchronization of asynchronous inputs to avoid the potential 
metastability problems caused by setup-time violations. A common synchronization method uses 
two rippled 74LS72 D-type flip-flops. 

In this circuit, the asynchronous input feeds into the D.input of the first flip-flop and its Q out¬ 
put feeds into the D of the second. Because the first flip-flop latches on the falling edge of the sys¬ 
tem clock, to avoid setup-time violations, the D input signal to the second flip-flop will be stabilized 
before the rising edge of the clock. Even experienced programmable-logic device designers often re¬ 
sort to such a TTL flip-flop circuit to handle the synchronization function, because of the architec¬ 
tural limitations of standard PLDs. 

A programmable electrically erasable logic (PEEL) device, such as the PEEL18CV8 from ICT, 
however, can easily supply the function. The user-programmable 12-configuration I/O macrocells in 
the device can internally feed back a signal before the output register. With this feedback arrange¬ 
ment, designing a two-stage input is simple. 

A gated-latch internally latches the asynchronous input on the Tailing edge of the system clock, 
generating signal Ql. ANDing the input with Q1 through the internal feedback path, eliminates a pos¬ 
sible hazard condition during the clock’s high-to-low transition time. The latch then holds Ql stable 
to ensure meeting the setup-time requirement of the subsequent D flip-flop, which, as before, regis¬ 
ters the signal on the next rising system clock edge. 

If by chance the input pulse width violates the set-up time of the gated latch, the clock’s low time 
will give more time for settling. 
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SYNC TIP dc RESTORER 




ANALOG DEVLCES 


Fig. 89-2 


The dc restorer shown supplies a video signal with sync tips damped to a baseline level. Clamp 
drive signal is supplied from elsewhere, usually a sync generator or a sync separator. 
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SYNCHRONIZER CIRCUIT 







Asynchronous 
input | 

i 

!i_ 

— <^i 

j 

d 

t 

Synchronised input 






System clock 


System clock 
Asynchronous 
input 

01 


ELECTRONIC DESIGN 

This common synchronization method uses two rippled 74LS74 D-type flip-flops. 



Fig. 89-4 
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Telephone-Related Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Telephone Line Tester 
Caller ID Circuit 
Telephone Call Restrictor 
Telephone Scrambler 
Universal Telephone Hold Circuit 
Telephone Ring Amplifier 
Bell System 202 Data Encoder 
Telephone/Audio Interface 
Telephone Recording Circuit 
Telephone Bell Amplifier 
Phone Line Simulator 
Phone Helper 

Telephone Ring Signal Detector 
Telephone Hold Circuit 
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TELEPHONE LINE TESTER 


Ml 



PI 


RADIO-ELECTRONICS 


Fig. 90-1 


The telephone-line tester shown in the figure is connected to the telephone line through modu¬ 
lar connector PI. Because the tester’s LED polarity indicator is always connected when the tester is 
plugged in, the instant that the unit is connected, you will have an indication of the polarity. If it is 
correct—that is, if the green wire is the positive side and the red wire is the negative side—notlung 
will happen. If the situation is reversed, the LED will light. 

With switch SI set for LINE/RING, both Sl-a and Sl-b are open and the meter indicates the con¬ 
dition of the line voltage. Any line-voltage reading in the LINE OK range (more on the meter in a mo¬ 
ment) indicates a line voltage that is higher than 40 Vdc. If the telephone is caused to ring, either by 
using a ringback number or by dialing from another phone, the meter will indicate RING OK, and the 
LED will pulse (indicating ac), if the ringing volt.age/current is correct. The actual position of the me¬ 
ter’s pointer depends on how many ringers are connected across the line. 

When SI is closed the voltage range of the meter is changed and a nominal load resistance of 
230 £2 (R5 and R6) is connected across the line to emulate the off-hook load of the telephone. If the 
meter indicates LOOP OK, you can be certain that you have sufficient loop voltage for satisfactory 
telephone operation. If you place another load on the line, perhaps by taking an extension telephone 
off hook, the meter reading will almost invariably drop below the LOOP OK range. If lifting the hand¬ 
set causes the meter reading to drop, you can at least be certain that the telephone’s hook switch is 
working and that the repeat coil is connected to the line. 
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CALLER ID CIRCUIT 



THE HEART OF THE CALLER ID circuit Is microcontroller IC1 which processes 

the serial data from IC2, outputs ASCII characters to DISP1. and monitors switches 

S1-S3. 



TIMING RELATIONSHIPS between the data present on the phone line (top), 
and the output pins of IC2. 


ELECTRONICS NOW Fig. 90-2 

This circuit requires programming of the microcontroller. Software information is available from 
the reference in the original article. 
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TELEPHONE CALL RESTRICTOR 


2N4401 LED1 



ELECTRONICS NOW Fig. 90-3 


This circuit is designed to restrict phone calls with the area codes: 900, 976, and 540. This device 
uses a microcontroller to compare the DTMF decoded tones with telephone numbers stored in EEP- 
ROM (IC3). This device requires a programmed microcontroller. Software and details of program¬ 
ming can be found in the original magazine article. 
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TELEPHONE SCRAMBLER 
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UNIVERSAL TELEPHONE HOLD CIRCUIT 



electronics now Fig. 90S 

The telephone line is connected to the hold components through bridge rectifier BR1 so that the 
input is not polarity sensitive. If you have touch-tone telephone service, you can now put a call on 
hold from any phone in your house by plugging this simple device into any telephone jack. The uni¬ 
versal hold circuit works with any phone that has a key pad with a # key. To put a call on hold, press 
the # key and hang the phone up. A timer extends the #-key function while you hang up phones that 
..have a keypad built into the handset. 


TELEPHONE RING AMPLIFIER 
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ELECTRONICS NOW 


Fig. 90-6 


This circuit takes its operating power from the telephone line. BZ1 is a piezoelectric transducer. 
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BELL SYSTEM 202 DATA ENCODER 



ANALOG DEVICES 


Fig. 90-7 


The AD537 is well-suited for frequency-shift modulator and demodulator applications. Requir¬ 
ing little power, it is especially appropriate for using phone-line power. The Bell-System 202 data en¬ 
coder shown here delivers the mark frequency of 1.2 kHz with the data input low. When the input- 
goes high, the timing current increases to 165 pA and generates the space frequency of 2.2 kHz. The 
trim shown provides a ±10% range of frequency adjustment. The output goes to the required band¬ 
pass filter before transmission over a public telephone line. A complementary demodulator is easy to 
implement. 


TELEPHONE/AUDIO INTERFACE 



POPULAR ELECTRONICS Fig. 90-8 

The telephone audio interface—essentially, a simple isolation/couple circuit—isolates the phone 
line from any connected audio circuit without presenting any danger to the phone line, the equip¬ 
ment, or the user. 
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TELEPHONE RECORDING CIRCUIT 



R1 4.7 kn 

R2.R3 10 kO 

Cl 0.47 disc 

C2 0.001 fiF disc 

Tl 8 kfi-to-1 kQ impedance-malching transformer 

RL1 SPST reed relay 

All resistors are 5 to 10 percent tolerance. V« watt. All capacitors 
are 10 to 20 percent tolerance, rated at 35 volts or more. 


mcgraw-hill Fig. 90-9 

This device will automatically record telephone calls. An ordinary cassette recorder can be 
hooked to it. 


TELEPHONE BELL AMPLIFIER 



ELECTRONICS NOW Fig. 90-10 

Telephone “bell” amplifier circuit will let you hear (or see) an enhanced alarm if you are away 
from your telephone. 
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PHONE LINE SIMULATOR 


12V. 500mA 
- 

J1 

{NOTE 1) 


SI 

(MOMENTARY 

SPOT) 


S2 R3 
(TOGGLE 3 3K 
SPDT) 


+. RG1 _ 
20Hz 
RINGING 
GENERATOR 


R4 bT 

: iook i - ^— 
' (FREQ |C . 

555 

► DC 7 



TIP (GREEN) 
J2 (NOTE 2) 


RING (RED) 


RING (RED) 
J3 (NOTE 2) 

TIP (GREEN) 


NOTES: 

1. MATES WITH AC-TO-DC ADAPTER PLUG 

2. LOCATED IN WALL PLATE 


ELECTRONICS NOW 


Fig. 90-11 


This device contains a ringing generator and a tone oscillator. The tone oscillator is set to either 
350 or 440 Hz. The ringing generator is a potted module delivering 86 Vac at 20 Hz. It is available 
from a source listed in the reference. 


PHONE HELPER 


T1 

(SEE TEXT) 



TIP 

(GREEN) 

J1 


RING 

(RED) 

J2 

TIP 

(GREEN) 


RADIO-ELECTRONICS 


Fig. 90-12 


This phone-line simulator uses a 60-Hz transformer instead of a ring generator. The dial.tone is 
provided by an NE555 astable oscillator. 
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TELEPHONE RING SIGNAL DETECTOR 



ELECTRONIC DESIGN Fig. 90-13 

Discriminating between telephone-ring signals on a phone line can be accomplished by using 
dedicated ICs, such as AT&T’s LB1006AB or Texas Instruments’ TMS1520A. However, if the system 
already is using a microcontroller, those dedicated chips can be replaced with simpler hardware and 
a few bytes of code. 

Looking at the setup, the ringing voltage pulses the optoisolator’s LED, which, in turn, pulses the 
low-asserted RD line to the microcontroller. The firmware analyzes the pulses to determine whether 
a valid ringing signal is present. 

The frequency limits of a valid signal are 20 to 80 Hz, which is modulated 2 seconds on and 4 sec¬ 
onds off (with distinctive ringing, though, this cadence can vary). Therefore, the simplest analysis is 
to count down at least 20 pulses of RD in 1 second. 

The routine could be expanded to determine what, type of ring signal is present in a distinctive 
ring setting. Such a system could switch the phone line to various output jacks. As a result, several 
phone devices- could use the same line without first picking up the line to determine if it’s a voice, fax, 
or data call. 


TELEPHONE HOLD CIRCUIT 



Red 

Green 


When the hold button SI is pressed, SCR1 
fires via R1 and R2, firing SCR1, and seizing the 
line via the path tlirough R3, Dl, and SCR1. 


WILLIAM SHEETS 


Fig. 90-14 
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Temperature-Related Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Electronic Thermostat 
Temperature Controller 
Manual Control for Heater 
Proportional Temperature Controller 
Eight-Input A/I) Converter for Temperature 
Measurements 

Cold Junction Compensation for a Grounded 
Thermocouple 

Absolute Temperature Log with RS-232 
Centigrade Thermometer with Cold-Junction 
Compensation 

1,5-V Electronic Thermometer 
Two-Wire Temperature Sensor Output 
Referenced to Ground 
Two-Wire Remote Temperature Sensor with 
Sensor Grounded 

Single-Supply Temperature Sensor (-50 to 
+300°F) 

Basic Fahrenheit Temperature Sensor 


Temperature-to-Frequency Converter (Celsius) 
Temperature-to-Frequency Converter (Kelvin) 
Differential Thermometer 
Optoelectronic Pyrometer 
Bar-Graph Room-Temperature Display 
LM3911 Temperature Controller 
Thermocouple Amplifier with Cold-Junction 
Compensation 

Precision RTD Amplifier Circuit for +5 V 
Full-Range Fahrenheit Temperature Sensor 
Improved Thermostatic Relay Circuit 
Thermocouple Cold-Junction Compensation 
Temperature Differential Detector 
Thermostatic Relay Application 
Temperature Controller 
Tcmpcrature-to-Digital-Output Converter 
Freeze-Up Sensor 

Zero-Voltage Switching Temperature Regulator 
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ELECTRONIC THERMOSTAT 










TEMPERATURE CONTROLLER 


AC 



AC 

ELECTRONIC DESIGN Fig. 91-2 


The temperature sensor/controller (the TMP-01) is a monolithic device whose low power allows 
it to operate with a simple half-wave rectified power supply directly from the ac line. Such an ar¬ 
rangement greatly simplifies the power-supply design requirement to the point of only needing a few 
low-cost components to provide a single +6-Vdc supply. 

The TMP-01 is essentially a “thermostat on a chip.” It includes a linear temperature sensor 
(5 mV/K), and also has two comparators that switch at externally determined set points. These set 
points are established by resistively dividing the internal 2.5-V reference to set appropriate voltages 
on the inputs to the comparators. 

One comparator is used in this circuit to turn on the heating element when the temperature 
drops below 30°C; it corresponds to a voltage of 1.52 V on the comparator’s input. 
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MANUAL CONTROL FOR HEATER 



ELECTRONIC DESIGN 


Fig. 91-3 


Built around an LM339 quad comparator, this circuit provides manual control of the output of a 
resistive heater or other load with a long time constant. The circuit’s design uses minimal parts, thus 
it’s inexpensive, and generates very low RFI. 

Comparators a, b, and c form a low-frequency pulse-width modulator. Sections a and b form a 
sawtooth oscillator (of approximately 0.25 Hz), with capacitor Cl being charged through R1 and dis¬ 
charged through section a’s open collector output. R2 and R3 set the upper voltage limit for the saw¬ 
tooth wave. The hysteresis means that Cl is discharged to nearly 0 V, creating a voltage swing that is 
identical to the adjustment range of R3. 

Comparator c, in conjunction with potentiometer R3, converts the sawtooth wave form to a vari¬ 
able duty-cycle drive for the silicon-controlled rectifier. 

Increasing voltage at R3’s wiper means increasing the “on” time. Section d holds the SCR gate low 
if the line voltage is above approximately 3.5 V, preventing turn on at mid-cycle and ensuring low RFI. 

The oscillator frequency is rougldy determined by 1/0.7 Rf v Resistance R x must be greater than 
4R 2 or the oscillator will lock up. Reducing R 2 will increase the lower voltage limit of the sawtooth; in¬ 
creasing it might cause lock-up. 
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PROPORTIONAL TEMPERATURE CONTROLLER 



Most temperature-controller circuits use upper and lower trip points to control a heater ele¬ 
ment, with the heater power lull on and full off. Usually, this results in a temperature hysteresis of 
several degrees. This relatively large temperature hysteresis effect might cause modulation in the 
output of the circuit that’s being controlled. 

A proportional temperature controller eliminates this problem by continuously providing the 
power needed to maintain the “oven” at the desired temperature—within 1°C. From a cold start, 
maximum power is applied until the temperature is within 2°C of the set point. 

The circuit’s mechanical construction is important. The five heater resistors (R12 through R16), 
the temperature-sensor IC (Ul), and the circuit being controlled are mounted with thermal epoxy to 
a small piece of aluminum. This provides excellent heat transfer between the components. The 
heater resistors must be selected to raise the temperature from ambient to the set point within an 
acceptable warm-up time. 

Ul is Analog Devices’ TMP-01 temperature-controller IC. The voltage proportional to absolute 
temperature (VPTAT) has a temperature coefficient of exactly 5 mV/°C. The set point is determined 
by the RJR 2 ratio. U2 is a Linear Technology LT1014 quad precision op amp. U2C is an oscillator with 
a 50% duty cycle that supplies a triangle wave between A and % of the supply voltage at U2-2. 

U2R compares the amplified VPTAT to the triangle wave, which drives Q1 at a duty cycle of 
100% or less. Because the triangle wave’s peak-to-peak amplitude is 2.7 V, and VPTAT is amplified by 
a factor of 300, a temperature change of approximately 2 mV moves the duty cycle from 100% to 0%. 
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EIGHT-INPUT A/D CONVERTER FOR TEMPERATURE MEASUREMENTS 



POPULAR ELECTRONICS 


Fig. 91-5 



The actual processing circuitry of this A/D converter consists of only four parts: U2, U3, R1 and 
R2. Eight temperature probes are used with the circuit; however, they can be replaced with other 
types of sensors, as long as resistors R3 through RIO are removed. 
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EIGHT-INPUT A/D CONVERTER FOR TEMPERATURE MEASUREMENTS (Cont.) 


CLIP OFF THIS LEAD 




A 



To protect the temperature probe 
connections, three pieces of heat-shrink 
tubing must be used. Heat-shrink A 
prevents the negative lead form coming 
into contact with the positve one (A), 
heat-shrink B protects both leads (B), 
and heat-shrink C covers the entire 
probe (C). 


COLD-JUNCTION COMPENSATION FOR A GROUNDED THERMOCOUPLE 


1SV 



NATIONAL SEMICONDUCTOR Fi 9- 91-6 

A circuit for use with grounded thermocouples is shown. To trim, short out the LM329B and ad¬ 
just R5 so that = a T, where a is the Seebeck coefficient of the thermocouple and T is the absolute 
temperature. Remove the short and adjust R4 so that V° equals the thermocouple output voltage at 
ambient.-A good grounding system is essential here, for any ground differential will appear in series 
with the thermocouple output. 
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ABSOLUTE TEMPERATURE LOG WITH RS-232 


82 k R 3 



ELECTRONIC DESIGN pjg 97.7 

In the setup, T1 (an LM334 temperature sensor) generates a constant current that’s propor¬ 
tional to absolute temperature, and equal to 25 jiA at 323 Kelvin (50°C). R1 sets this constant of pro¬ 
portionality. The current discharges the parallel combination of Cl and C2 connected to the trigger 
and the threshold pins of Ul, which is a CMOS implementation of the venerable 555 analog timer. 
The negative-going ramp is compared by Ul to an internal 2.5-V trigger level controlled by Zl. When 
the ramp gets there, Ul triggers. The output pin (3) will go high, presenting a “start” bit to the con¬ 
nected communications port, which causes Q1 to source 100 jiA to the timing node. At the same 
time, the discharge pin (7) will open, allowing R2 and the bottom end of Cl and T1 to be supplied by 
C1, and isolates it from C2. 

Consequently, the current supplied by transistor Q1 will go solely to C2 so that when the result¬ 
ing positive-going ramp reaches 5 V, exactly 25 nC (2.5 V x C2) will have been deposited in the tim¬ 
ing node by the recharge cycle because its threshold level (6) will have been reached. This causes 
both the output pin to return to the negative rail, restoring the “marking” condition of the R2-232 in¬ 
terface, and Q1 to stop recharging C2. Ul’s discharge pin (7) now connects R2 to the negative rail, 
causing the charge that was deposited by T1 on Cl during the recharge interval to rapidly redistrib¬ 
ute between Cl and C2. This arrangement creates a very linear (0.01%) relationship between T1 cur¬ 
rent and pulse output frequency. 

While this is happening, the PC’s communications port hardware assembles a valid (although 
meaningless) character because the positive pulse output by Ul looks like the start bit of a charac¬ 
ter. A simple program running in the PC can then count the frequency of these characters and con¬ 
vert the resulting rate into a direct readout of temperature. Because of the 3.1-Hz/degree slope of 
frequency versus temperature, a 30-second average suffices for 0.01° resolution. 


636 




63' 












TWO-WIRE TEMPERATURE SENSOR 
OUTPUT REFERENCED TO GROUND 


TWO-WIRE REMOTE TEMPERATURE 
SENSOR WITH SENSOR GROUNDED 






TEMPERATURE-TO-FREQUENCY CONVERTER (KELVIN) 



ANALOG DEVICES 


Fig. 91-15 


This simple connection results in a direct conversion of temperature to frequency. The l-mV/°K 
temperature output serves as the input to the buffer amplifier, and the oscillator drive current is 
sealed to be 298 pA at 298°K (+25°C). Use of a 1000-pF capacitor results in a corresponding fre¬ 
quency of 2.98 kHz. A single-point trim for calibration is normally sufficient to give errors less than 
±2°C from -55°C to +125°C. An NPO capacitor is preferred to minimize nonlinearity that results 
from capacitance drift. 










DIFFERENTIAL THERMOMETER 



100 mV/°C 


The differential thermometer shown in the 
figure produces an output voltage which is pro¬ 
portional to the temperature difference between 
two sensors. This is accomplished by using a dif¬ 
ference amplifier to subtract the sensor outputs 
from one another and then multiplying the differ¬ 
ence by a factor of 10 to provide a single-ended 
output of 100 mV per degree of differential tem¬ 
perature. 


NATIONAL SEMICONDUCTOR Fig. 91-16 


OPTOELECTRONIC PYROMETER 



ttLevel-shift trim 
•ScaJe tactor trim 
tCopper wire wound 

1 mA s, l 0lJT s 5mA 

0.01 s s 100 

'O* 

X {( W 


NATIONAL SEMICONDUCTOR pjg 

This setup optically measures the temperature of an incandescent body, it makes use of the shift 
in the emission spectrum of a black body toward shorter wavelengths, as temperature is increased. 
Optical filters are used to split the emission spectrum, with one photodiode being illuminated by 
short wavelengths (visible light) and the other by long (infrared). The photocurrents are converted 
to logarithms by Q1 and Q2. These are subtracted to generate an output that varies as the log of the 
ratio of the illumination intensifies. Thus, the circuit is sensitive to changes in spectral distribution, 
but not intensity. 
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BAR-GRAPH ROOM TEMPERATURE DISPLAY 



NATIONAL SEMICONDUCTOR 

This display shows temperature as a bar graph. The range is 67°F to 86°F. 


Fig. 91-18 


LM3911 TEMPERATURE CONTROLLER 



The LM3911 requires only a few resistors 
and a capacitor to turn into a full-function tem¬ 
perature controller. The LM3911 requires very 
few external components to implement a full- 
function temperature controller. The figure illus¬ 
trates the simplicity of the freeze fighter circuit. 
The resistor network consisting of Rl, R2, and R3 
is used to provide the set point voltage for the 
feedback input of the LM3911. 

Resistor R4 limits the current tlirough the in¬ 
ternal voltage reference of the LM3911 and can 
be selected from a wide range of values. 7.5 k£2 is 
specified in most of.the application notes. 

Resistor R5 pulls the output of the IC high 
when the temperature is below the set point. The 
internal resistor is in -series with a diode that al¬ 
lows a switching voltage up to 35 V to be used 
with the device. 


POPULAR ELECTRONICS 


Fig. 91-19 






THERMOCOUPLE AMPLIFIER WITH COLD-JUNCTION COMPENSATION 
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PRECISION RTD AMPLIFIER CIRCUIT FOR +5 V 


B GAIN 



ANALOG DEVICES 


Fig. 91-21 


This circuit uses a platinum resistance temperature device to sense temperature. It has a range 
of 0 to 300°C. The RTD bridge is driven with a regulated 200-pA current to minimize self heating of 
the RTD. A 5-V supply is used. 


FULL-RANGE 

FAHRENHEIT TEMPERATURE SENSOR 


IMPROVED 

THERMOSTATIC RELAY CIRCUIT 


♦ V* 



CHOOSE Rj = l-V s )/50 
V<Kll- 4-3.000mVA! 4-300‘F 
- 4-750 mV AT * 75*F 
= -500 mV AT -50*F 


NATIONAL SEMICONDUCTOR Fig. 91-22 



(Additional Circuit Switched by K2 not Shown) 


qst Fig. 91-23 
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THERMOCOUPLE COLD-JUNCTION COMPENSATION 


15V 



THERMOCOUPLE 


NATIONAL SEMICONDUCTOR 


Tharmocoupla 

beeoecK 

Coefficient 

R4 

R6 

Type 

(nvrc) 

(11) 

(H) 

J 

52 3 

1050 

385 

T 

42.8 

856 

315 

K 

408 

816 

300 

S 

6.4 

128 

46 3 

■R3 thru R6 are 1% 5 ppm/*C. 

(10 ppm/*C (racking. 


r R7 is 1V 25 ppm/’C 


choose R4 ----♦ R3 

10 mWC 

choose R6 = — -° * ° • (0 9R5) 

V Z 

choose R7 » 5 • R5 

where T 0 is aosoiule zero (-273 i6*C) 

V z is the reterence voltage (6.95V for LM329B) 


Fig. 91-24 


A single-supply circuit is shown. R3 and R4 divide down the 10-mV/°R output of the LM329B and 
its associated voltage divider provide a voltage to buck out the 0°C output of the LM335. To calibrate, 
adjust f?, so that, V 1 = a T, where a is the Seebeck coefficient and T is the ambient temperature in 
degrees Kelvin. Then, adjust R 2 so that V 1 - V 2 is equal to the thermocouple output voltage at the 
known ambient temperature. 
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TEMPERATURE DIFFERENTIAL DETECTOR 


120-VAC 
FAN SUPPLY 



POPULAR ELECTRONICS 91-25 

This circuit measures temperature differences, not temperature. Once the difference passes a 
certain threshold, the timer is triggered, activating the solid-state relay. 

Op amp I.J1 is placed in a comparator configuration with two thermistors—one located at the 
ceiling, one at the floor. The IC senses the temperature difference between the ceiling and floor, but 
is unaffected by the overall room temperature differential increases. The upper thermistor will de¬ 
crease in resistance, eventually causing the voltage at pin 2 of U1 to exceed that pin 2 of U1 to go low 
and trip the timer. This adds hysteresis to the op amp’s output, preventing the motor from chatter¬ 
ing. When tripped, the timer activates the relay, which activates the fan. 


THERMOSTATIC RELAY APPLICATION 



(Circuit Switched by K2 not Shown) 


Kl, the thermostatic relay, energizes power 
relay K2, which handles the circuit’s power 
switching. The drawing doesn’t show K2’s power¬ 
switching contacts. 


QST 


Fig. 91-26 
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TEMPERATURE-TO-DIGITAL-OUTPUT CONVERTER 



SERIAL 0A1A 
OUTPUT 


NATIONAL SEMICONDUCTOR 


Fig. 91-28 
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FREEZE-UP SENSOR 



POPULAR ELECTRONICS Fig. 91-29 

Using a bridge circuit to provide an accurate activation temperature, this circuit will turn on a 
heating unit or other device when the temperature drops below the trip point set by R2. Use a 10-kft 
resistor in place of the thermistor to calibrate it for 32°F activation. 


ZERO-VOLTAGE SWITCHING TEMPERATURE REGULATOR 


'Thermostat" 
_L. 



S200A4, modified 
power-control module 



McGRAW-HILL Fig. 91-30 

In this arrangement, an integral number of cycles of ac is fed to the heater. No RF1 or EMI is gen¬ 
erated with this method. The thermostat uses a thermistor as a sensor. The PA424 (GE) device gen¬ 
erates trigger pulses for the triae only at zero crossings of the ac line cycle. 
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Timer Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 


Alarm Clock Timer 
Lamp Tinier 
Long-Period Timer 
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ALARM CLOCK TIMER 



POPULAR ELECTRONICS Fig. 92-1 

Turn your alarm clock into a specialized timer with this simple circuit. The clock used with the 
circuit should be the kind that turns on a little lamp when the alarm is activated. 

LAMP TIMER 


TO COMMON LAMP 

ANODE DISPLAY ASSEMBLY 



POPULAR ELECTRONICS Fig. 92-2 

A timed switch uses a 555 oscillator/timer wired to operate in the astable mode. The tinier sup¬ 
plies a positive pulse to the clock input of a 74193 4-bit binary up/down count every five minutes. Be¬ 
cause the 74193 is set to operate in the count-down mode, the output of the 555 is connected to the 
count-down input of the 74193. 

As the binary counter is reset, it starts counting at nine and counts down to zero with each clock 
pulse. When the counter hits zero, the output from the 74193 goes low, turning off the relay and the 
light. The light can be turned back on by pressing the reset button again. 
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LONG-PERIOD TIMER 


*5V 


200 k 


1N4148 


€> 


2N2907 


0.47|xF 


■MV 

Ik 


Threshold 

Trigger 

Discharge 


Reset 


VCC 


555 Output 


Control voltage 


Ground 


3 Output 

-► 


0.0VF 


ELECTRONIC DESIGN Fig. 92-3 

Adding a transistor to the 555 timer can create long timer periods, which is a key factor when the 
timer is operating at low speed. The transistor basically acts as a current divider or capacitance mul¬ 
tiplier. The problem with low speed, however, is that the timing resistors and capacitors must be 
large and the charging current must be small, particularly when the desired timing period is in the 
range of seconds. 

Typically, electrolytic capacitors are used in these situations, but their leakage current tends to 
aggravate or even prohibit operation at very low charging currents. 

This problem can be solved by adding a transistor. In effect, the transistor is used as a current di¬ 
vider or a capacitance multiplier. The normal charging current (emitter current) is divided by the 
transistor’s current gain so that the capacitor charging current (base current) is reduced consider¬ 
ably. For example, 10 pA of emitter current will require approximately 0.1 pA of base current, based 
on a current gain of 100. 

In this circuit, the capacitor will be charged with such a low charging current that timing periods 
will typically be 100 times longer than usual. This means that substantia] time periods can be 
achieved with film or ceramic capacitors that have much better leakage characteristics and are phys¬ 
ically smaller. 

The circuit’s output period was approximately 6 seconds, compared to 80 ms without the tran¬ 
sistor. The transistor multiplied the normal time period by a factor of approximately 75. 
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Tone Control Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entiy in the Sources section. 

Treble-Control Circuit 
Bass Tone-Control Circuit 
Combined Bass and Treble Control 
Active Bass- and Treble-Tone Control 
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TREBLE-CONTROL CIRCUIT 


a 


^IN 

Z s < 1 kil 

4 


0.047 




^OUT 

> 100 kfl 


WILLIAM SHEETS Fig. 93-1 

This tone control has an insertion loss of 20 dB at flat setting and is effective above 1 kHz. It has 
little effect below about 1 kHz. 


BASS TONE-CONTROL CIRCUIT 



william sheets Fig. 93-2 

This tone control has an insertion loss of 20 dB at flat setting and is effective below 350 Hz. The 
control has little effect above this frequency. 
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COMBINED BASS AND TREBLE CONTROL 



william sheets Fig. 93-3 

This positive tone control system uses two pots to control bass and treble. 

ACTIVE BASS- AND TREBLE-TONE CONTROL 



william sheets Fig. 93-4 

A single transistor used as a feedback amplifier is connected with ac feedback through the tone 
controls, which determine the frequency response of the stage. 
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Touch/Proximity Control Circuits 


Th c sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Simple Touch Switch 
Simple Timed Touch Switch 
Capacitive Sensor System 
Touch Switch 
Proximity Alarm 
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SIMPLE TOUCH SWITCH 



WILLIAM SHEETS Fig. 94-1 

Q2 is held cut off since Q1 normally is conducting. When-the touch plate is contacted by a. large 
object (human body, etc.), stray 60-Hz pickup is rectified by D1 and D2, and produces a negative 
voltage across R2-C2 and the gate of Q1. Q1 cuts off, causes Q2 to conduct, and the output goes low. 


SIMPLE TIMED TOUCH SWITCH 


+v 

9 



McGRAW-HILL Fig. 94-2 

This circuit produces an output for a time approximately equal to time constant R$C V 


IC1, IC2 

IC3 

Cl 


C2 

C3 

C4 

C5, C6, C7 
Rl, R3, R4, R6 
R7, R9, RIO, R12 
R2, R5, R8, Rll 


CD4011 quad NAND gate 
CD4066 quad bilateral switch 
47-pF, 25-V electrolytic capacitor 
100-jJ.F, 25-V electrolytic capacitor 
220-pF, 25-V electrolytic capacitor 
470-pF, 25-V electrolytic capacitor 
0.1-pF capacitor 
100-kU, %-W 5% resistor 

10-MQ, 14-W 5% resistor 
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CAPACITIVE SENSOR SYSTEM 


External Object 
To Be Detected 



NASA TECH BRIEFS Fig. 94-3 

This figure illustrates the electric-field configuration of a capacitive proximity sensor of the “ca- 
paciflector” type. It includes a sensing electrode driven by an alternating voltage, which gives rise to 
an electric field in the vicinity of the electrode; an object that enters the electric field can be de¬ 
tected by its effect on the capacitance between the sensing electrode and electrical ground. 

Also, it includes a shielding electrode (in this case, driven shield 1), which is excited via a volt¬ 
age follower at the same voltage as that applied to the sensing electrode to concentrate more of the 
electric outward from the sensing electrode, increasing the sensitivity and range of the sensor. Be¬ 
cause the shielding electrode is driven via a voltage follower, it does not present a significant elec¬ 
trical load to the source of the alternating voltage. 

In this case, the layered electrode structure also includes a reference electrode adjacent *to 
ground, plus a second shielding electrode (driven shield 2), wliich is excited via a voltage follower at 
the same voltage as that applied to the reference electrode. Driven shield 2 isolates the reference 
electrode from the electric field generated by driven shield 1 and the sensing electrode so that a 
nearby object exerts no capacitive effect on the reference electrode. 

The excitation is supplied by a crystal-controlled oscillator and applied to the sensing and ref¬ 
erence electrodes via a bridge circuit. Fixed capacitors Cl and C2 (or, alternatively, fixed resistors 
R1 and R2) are chosen to balance the bridge; that is, to make the magnitude of the voltage at sens¬ 
ing-electrode node S equal the magnitude of the voltage at reference-electrode node R. 

The voltages at S and R are peak-detected and fed to a differential amplifier, which puts out volt- 
age V n proportional to the difference between them. When no object intrudes into the electric field 
of the sensing electrode, the bridge remains in balance, and V u - 0. When an object intrudes, it 
changes C s , unbalances the bridge, and causes V u to differ from zero. The closer the object comes to 
the sensing electrode, the larger (7 u ) becomes. 

An additional output voltage KV t is available, where K is the amplification and 7 is the voltage 
on the reference electrode. 


656 



TOUCH SWITCH 


To 

touch 

plates 


WILLIAM SHEETS 


Fig. 94-4 



Two NAND Schmitt triggers are used as a flip-flop to produce a bridged touch switch. 


PROXIMITY ALARM 


POPULAR ELECTRONICS Fig. 94-5 
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Tracer Circuits 


I he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Wire Tracer 
Cable Tracer 
Signal Tracer 
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WIRE TRACER 



At the heart of the McTrak is a 567 tone decoder, configured as a simple squarewave 
oscillator, operating at about 250 Hz. 


ELECTRONICS HOBBYIST HANDBOOK Fig. 95-1 

This tracer works by placing a square-wave signal on the line to be traced. The square wave is 
rich in harmonics. A small transistor radio placed close to a wire carrying this signal will buzz. The ra¬ 
dio, therefore, is used as a probe to trace out the wire. 


CABLE TRACER 



ELECTRONICS NOW Fig. 95-2 

This circuit generates a 1-kHz square wave 
for cable tracing. Because this circuit is simple 
and generates from 1.5 V, several can be used at 
the same time to generate multiple tones for 
tracing multiconductor cables. 


SIGNAL TRACER 



•J 

POPULAR ELECTRONICS Fig. 95-3 

This circuit, uses a simple detector-audio am¬ 
plifier. The output can be connected to head¬ 
phones or another audio amplifier. 
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Transmitter and Transceiver Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Wireless Guitar Transmitter 
Micro TV Transmitter 
Wireless Microphone 
FM Stereo Transmitter 
FMBug 

Low-Power VHF Beacon Transmitter 
Low-Cost 6-W, 40-M CW Transmitter 
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WIRELESS GUITAR TRANSMITTER 



This transmitter has a built-in distortion effects unit and a touch swatch to switch effects off and on. The circuit operates 
from a 9-V battery. ICl-a and ICl-b are used in the effects circuitry. ICl-d is an input preamp and JC2 is a quad analog switch to 
handle audio switching. Q1 acts as a varactor, diode modulator while IC-4 is an 88- to 108-MHz FM oscillator. 







MICRO TV TRANSMITTER 



ELECTRONICS now Fig. 96-2 

For very low power, noncritical applications, this small TV modulator can be useful as a short- 
range (50 feet) transmitter for video signals. A small camera module can be used as a source. Rll is 
used to vary dc offset of the modulator. 


WIRELESS MICROPHONE 



ELECTRONICS EXPERIMENTERS HANDBOOK 


Fig. 96-3 


An op-amp IC (741) amplifies the audio signal from MIC1, and R12 controls its gain. Audio is fed 
to the oscillator circuit Q1 and related components. D2 is a varactor diode. Audio fed to D2 causes FM 
of the oscillator signal. LI is 21^ turns of #18 wire on a Xo" diameter form. The antenna is a 12" whip. 
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FM STEREO TRANSMITTER 



THE HEART OF THE FM TRANSMITTER Is a BA1404 FM stereo transmitter 1C. 

The left input-signal level is adjusted via R1, pre-emphasis is provided by Cl and R3, 
and audio is coupled by CIO into the left-channel Input. The right-channel input 
circuitry is identical. 

ELECTRONICS NOW Fig. 96-4 

An FM stereo transmitter can be built around the BA1404 IC. This IC has all the functions nec¬ 
essary to generate an FM MPX signal. A separator oscillator circuit uses a 2N5210 transistor instead 
of the difficult-to-find 38-kHz crystal that is normally used. T1 is a 455-kHz IF transformer with 
0.0039-pF capacitance added across it to enable tuning to 38 kHz. With this circuit, oscillator stabil¬ 
ity should be adequate. 


FM BUG 



Mike Electret condenser microphone 

Si SPST switch 


McGRAW-HILL 


Fig. 96-5 
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LOW-POWER VHF BEACON TRANSMITTER 


♦ 3V 



73 AMATEUR RADIO TODAY Fig. 96-6 

A crystal oscillator and tripler make up the low power beacon transmitter. U1 generates a pulse 
that keys the transmitter at a 10:1 duty cycle (100 ms on, 1 s off) to conserve battery power. This 
transmitter was used as a locator beacon. 


66 < 




LOW-COST 6-W, 40-M CW TRANSMITTER 


TO 52U OR 7512 



POPULAR ELECTRONICS F, 9- 96-7 

LI and L2 are wound on a diameter form. LI is 15 turns #22 plastic-covered wire, and L2 is 7 
turns #22 plastic-covered wire. 
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Ultrasonic Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Ultrasonic Remote-Control Tester 
Ultrasonic Motion Detector 
Ultrasonic CW Transceiver 
Ultrasonic Proximity Sensor 
Simple Ultrasonic Generator 
Ultrasonic Sound Receiver 
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ULTRASONIC REMOTE-CONTROL TESTER 



POPULAR ELECTRONICS 


Fig. 97-i 


This circuit picks up the ultrasonic tone via MIC1, amplifies it, and divides it by 10 in IC U2, a 
74LS90. The output of U2 drives an audio amplifier and a piezoelectric element is used as a speaker. 
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ULTRASONIC MOTION DETECTOR 



POPULAR ELECTRONICS 


Fig. 97-2 


A 567 PLL IC operates in a dual-function mode as a signal generator and an FM receiver. The 
567’s square-wave output at pin 5 is coupled to the base of Ql, and from Ql’s emitter to the input of 
the power amplifier (Q2 and Q6). The output drives the piezo speaker, SPKR1. 

The receive portion of the circuit operates as follows: transistors Q3 and Q4 are connected in a 
two-stage, high-gain, audio-frequency amplifier circuit, with the input connected to a second piezo 
speaker (SPKR2) operating as a sensitive microphone. The amplifier’s output is coupled to the 567’s 
input at pin 3. When an in-band signal is received, the LED lights. 

The 567 s FM output is coupled from pin 2 to the input of a very-low-frequency single-transistor 
amplifier, Q5. The amplifier’s output at Q5’s collector drives a voltage-doubler circuit (Cl 1, Dl, D2, 
and CI2). The dc output feeds a 0- to 1 -mA analog meter. 

By placing the two piezo speakers one foot apart and aiming them in the same direction, toward 
a nonmoving solid object, the signal from the transmitter’s speaker will reflect back into the receiver’s 
speaker, and the frequency at the 567’s input will be the same as the one being transmitted. 

The ac output at pin 2 is zero when the outgoing and incoming frequencies are the same. How¬ 
ever, when the signal is reflected from a moving object, the received frequency will be either lower 
or higher than the transmitted one. If the object is moving away from the speakers, the received fre¬ 
quency will be low r er; if the object is moving toward the speakers, the frequency will be higher. 

The pin-2 signal is fed through a 470-p.F capacitor to the base of Q5, where the signal is ampli¬ 
fied and fed to a voltage doubler, and then on to a meter circuit. 

If you wish, the voltage doubler and meter can be removed and replaced with headphones con¬ 
nected between the negative side of Cl 1 and circuit ground. That will allow you to listen to the dif¬ 
ference-frequency signal as objects move in front of the speakers. 
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ULTRASONIC CW TRANSCEIVER 


POPULAR ELECTRONICS 



Fig. 97-3 


With the telegraph key at S2 “up” (open), 
the 567 PLUs input at pin 3 is coupled to the 
output of Q3. Transistors Q3 and Q4 are operat¬ 
ing in a high-gain, two-stage audio-amplifier 
circuit. The piezo speaker is coupled to the in¬ 
put of the amplifier though a 0.1-pF capacitor 
and a 680-Q isolation resistor. 

In the receive mode, the piezo speaker oper¬ 
ates as a sensitive microphone. Ultrasonic signals 
travel from the microphone through the two-stage 
amplifier to the input of the 567, and, if the signal’s 
frequency is within the IC’s bandwidth, the LED 
will light and piezo-sounder BZ1 will sing out for 


each “dit” and “dah” received. The receiver can be 
tuned to the incoming ultrasonic signal by adjust¬ 
ing R17. Of course, adjusting that potentiometer 
also changes the transmitter’s frequency. 

The transmitter operates each time the S2 is 
closed. When the key is closed, diode D3 supplies 
a path to groimd for BZ1, causing that sounder to 
produce an audible signal for each “dit” and “dah” 
transmitted. Also, Q2’s bias is taken to ground 
tlirough D2, allowing Q1 to pass the 567’s square- 
wave signal on to the input of the power amplifier 
and out tlirough the speaker. 


ULTRASONIC PROXIMITY SENSOR 


H!V 



A 100-kQ potentiometer, R4, sets the cur¬ 
rent fed to the Sonalert sounder. The poten¬ 
tiometer is adjusted to a point where the sounder 


just begins to make an audible sound. A single- 
transistor audio amplifier (Ql) is coupled to the 
positive side of the sounder and its output is fed 
to a voltage-doubler circuit. The doubler’s dc out¬ 
put drives the base of Q2, which, in turn, oper¬ 
ates the relay (Kl). As long as the Sonalert is 
producing a sound, the relay stays energized. 

When a solid object is moved in close prox¬ 
imity to the front of the sounder, the Q of the 
piezo element is lowered and the Sonalert’s inter¬ 
nal circuit ceases to operate; as a result, the relay 
drops out. By carefully adjusting R4, the circuit 
can be made. quite sensitive. 
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SIMPLE ULTRASONIC GENERATOR 



POPULAR ELECTRONICS Fig. 97-5 


This basic ultrasonic generator can be built 
easily and quickly. An NE555 drives a speaker. 
The frequency range is 12 to 50 kHz. SPKR1 is 
a piezo tweeter, etc. 



POPULAR ELECTRONICS pj g gy.Q 

\ou won’t be disappointed with the performance of ttiis sensitive ultrasonic receiver. It can let 
you listen to bugs, bats, engines, and virtually any other source of ultrasonic sounds. This circuit uses 
a piezo tweeter as an ultrasonic microphone, amplifier stages Ql, Q2, and an LO using a 567 IC. Q3 
is a mixer that heterodynes the ultrasonic sounds down to the audible range. U2 is an amplifier that 
will drive a pair of headphones. 



670 




98 

Video Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Video Tiller 
Video Amplifier 
RGB Video Amplifier 
One-of-Two Video Selector 
NTSC-to-RGB Converter 
Video IF Amplifier/Detector 
Video Cable Driver 

Simple NTSC Gray-Scale Video Generator 
LM1201 Video Amplifier 

Simple Video Gray-Scale Generator European Line Standard 
Video Switch 

Adjustable Video-Cable Equalizer 
Video Summing Amplifier 
Video Amplifier 

Twisted-Pair Video Driver/Receiver Circuit 

250-mA 60-MHz Current-Feedback Amplifier for Video Applications 
Video Driver/Amplifier 
Video Line Driver 
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VIDEO TITLER 



ELECTRONICS NOW! 


Fig. 98-1 
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VIDEO TITLER ( Cont .) 


IBM PC/AT RS232 SERIAL CABLE 


DBS DB9 

MALE FEMALE 

(TO VIDEO TITLER) (TO PC) 



DB9 IBM PC/AT KEYBOARD CA8LE 

MALE 



MALE 

(TO VIDEO TITLER) 


S-PIN DIN 
RECEPTACLE 




There is a different cable for each interface. The RS-232 serial cable is shown in a, the 
PC/AT keyboard cable is shown in b, and the RS-485 cable is shown in c. 



VIDEO TITLER (Cont.) 

The figure shows the schematic of the video titler circuit. The power-on reset function is generated 
by 1C7, a Maxim MAX699 reset, and watchdog pulse generator. That device supplies a reset pulse of 140 
to 500 ms at power-up. This is accomplished with some external parts, as well as the OSD controller in 
IC1. First, the horizontal and vertical sync from the composite video input is detected by IC2, which is 
set for NTSC specification horizontal and vertical synchronization timing via resistor R4. 

The detected horizontal and vertical sync is fed to IC1. The OSC controller in IC1 uses these sig¬ 
nals to internally synchronize the overlay text to the incoming video. The frequency of the dot clock 
is controlled by components LI, C5, and C6. Text is overlaid by video multiplexer IC5, which is con¬ 
trolled by IC1. 

The overlay character outline and intensity are controlled via solid-state potentiometers, allow¬ 
ing the microcontroller to control the position of their wipers and store the settings in an onboard 
EEPROM. The microcontroller’s OSC logic controls the multiplexer timing from the BF (IC1, pin 30) 
and VIDCTL (IC1, pin 25) signals. The BF signal switches the video multiplexer between character 
and character-outline video, and VIDCTL switches the multiplexer between the input video and the 
overlay video from IC1. The do levels from IC3 and IC4 set the character and outline intensity, and 
these levels are fed to video multiplexer IC5. 

The video titler can store and recall text from EEPROM IC6, which has enough capacity to store 
one overlay screen and other required data, such as network address, horizontal and vertical overlay 
fine position, and type of interface. 

The RS-232 interface is provided by a MAX202 transceiver. The RS-485 interface is provided by 
an LTC485 transceiver that provides both transmit and receive functions. The keyboard interface is 
basically a direct connection to the microprocessor. 

VIDEO AMPLIFIER 

rsij 



ANALOG DEVICES fig. 98-2 

The AD8001 has been designed to offer outstanding performance as a video line driver. The im¬ 
portant specification of differential gain (0.01%) and differential phase (0.025°) meet the most ex¬ 
acting HDTV demands for driving one video load. The AD8001 also drives up to two back-terminated 
loads with equally impressive performance (0.01%, 0.07°). Another important consideration is isola¬ 
tion between loads in a multiple-load application. The AD8001 has more than 40 dB of isolation at 
5 MHz when driving two 75-11 terminated loads. 
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RGB VIDEO AMPLIFIER 
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NATIONAL SEMICONDUCTOR F, 9‘ 98 ' 3 

This circuit is a three-channel RGB video amplifier with individual brightness, black level and 
drive controls. 
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NTSC-TO-RGB CONVERTER 
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RADIO-ELECTRONICS ^9- 98 ‘ 5 

This circuit takes baseband NTSC video, decodes it, and derives RGB video suitable for driving a color multisync computer 
monitor. This enables the user to take advantage of the generally better resolution of computer monitors. 






678 
















SIMPLE NTSC GRAY-SCALE VIDEO GENERATOR 



73 AMATEUR RADIO TODAY Fig. 98-8 

A 4.032-MHz crystal oscillator (256 x horizontal line scan rate) drives a BCD counter. The binary 
outputs of the counter are led to R2 through R5, a simple weighting network for D/A conversion, re¬ 
sulting in a staircase video output with a rep rate of 15.75 kHz. This circuit should be useful for am¬ 
ateur TV linearity testing and setup purposes. 
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SIMPLE VIDEO GRAY-SCALE GENERATOR EUROPEAN LINE STANDARD 



73 AMATEUR RADIO TODAY Fig. 98-10 

A simple gray-scale generator (staircase waveform) can be obtained with a CD4060 counter, a 
1-MHz crystal oscillator, and several resistors to act as an elementary D/A converter to convert the 
binary count output to analog equivalent. This circuit is for European (PAL) standards. 


VIDEO SWITCH 



NATIONAL SEMICONDUCTOR Fig. 98-11 

Using National Semiconductor LH4266 and LH4006, this circuit switches one of two inputs to 
four output (75 Q) lines. 
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ADJUSTABLE VIDEO-CABLE EQUALIZER 



LINEAR TECHNOLOGY Fig. 98-12 

The figure is a complete schematic of the cable equalizer. The LT1256 (Ul) is a two-input/one- 
output 40-MHz current feedback amplifier with a linear control circuit that sets the amount that each 
input contributes to the output. One amplifier (input pins 13 and 14) of the LT1256 is configured as 
a gain of one with no frequency equalization. The other amplifier (input pins 1 and 2) has frequency 
equalizing components in parallel with the 12-kft gain resistor. An additional amplifier (U2, LT1227) 
is used to set the overall gain. Two amplifiers were used here to make setting the gain a single ad¬ 
justment, but in a production circuit, the LT1256 can be configured to have the necessary gain and 
the whole fimetion can be done with one chip. 


VIDEO SUMMING AMPLIFIER VIDEO AMPLIFIER 



MAXIM 


Fig. 98-13 


POPULAR ELECTRONICS 






TWISTED-PAIR VIDEO DRIVER/RECEIVER CIRCUIT 



This circuit should be useful where a twisted-pair video line is to be used. R1 is adjusted for 
proper gain (monitor brightness and contrast) and Cl is adjusted for best color. 


250-mA 60-MHz CURRENT-FEEDBACK AMPLIFIER FOR VIDEO APPLICATIONS 


Noninverting Amplifier with Shutdown 


15V 



■OPTIONAL. USE WITH CAPACITIVE LOADS 
• 'GROUND SHUTDOWN PIN FOR 
NORMAL OPERATION 


Large-Signal Response, Cl »10,000pF 



Vj = i15V, R L .«. R F *R G = 3k 


LINEAR TECHNOLOGY 


Fig. 98-16 
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VIDEO DRIVER/AMPLIFIER 



WILLIAM sheets Fig. 98-17 

This simple circuit has a voltage gain of about 5x and will drive low-impedance loads (75 £2) to 
1.5 Vp-p or better. 


VIDEO LINE DRIVER 


Hq Rfb "t. 

649 0 6490 75 0 750 CABLE 



ANALOG devices Fig. 98-18 

This video buffer/line driver operates at a gain of +2 and drives a pair of 75-£2 lines with 75-Q 
back terminations. The overall terminated gain is unity. 
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Voltage-Controlled Amplifier Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Voltage-Controlled Amplifier 
Voltage-Controlled Audio Amplifier 
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VOLTAGE-CONTROLLED AMPLIFIER 



FOR TYPICAL SETTING [GAIN - 10E C I 
E 0U T * M0E C ) E, n 


ANALOG DEVICES 


Fig. 99-1 


A constant or varying signal applied to the X input, E c , controls the gain for a constant or vari¬ 
able signal applied to the Y input, E in . The inputs could be interchanged. 

For this circuit, Hie “set gain” potentiometer is typically adjusted to provide a calibration for gain 
of £ 10 per-V-of -E c . The bandwidth is dc to 30 kHz, independent of the gain. The wideband noise 
(10 Hz to 30 kHz) is 3 mV rms, typically, corresponding to full-scale signal-to-noise of 70 dB. Noise, 
referred to the signal input (E c = ±5 V) is 60 pV rms, typically. 


VOLTAGE-CONTROLLED AUDIO AMPLIFIER 


t12V 



NATIONAL SEMICONDUCTOR Fig. 99-2 

The LM389 has internal transistors used in this circuit. 
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Voltage-Controlled Oscillator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Three-Decade VCO 

Voltage-Controlled Two-Phase Oscillator 
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THREE-DECADE VCO 



POPULAR ELECTRONICS Fig. 100-1 

A range of 10 Hz to 10 kHz is covered by this circuit. 


VOLTAGE-CONTROLLED TWO-PHASE OSCILLATOR 


Z1 ZJ 
9 1V 9.1V 



ANALOG DEVICES Fig. 100-2 

This circuit uses two multipliers for integration-with-controllable-time-constants in a feedback 
loop. R2 and R5 will be recognized in the AD534 voltage-to-current configuration; the currents are 
integrated in Cl and C3, and the voltages they develop are connected at high impedance in proper 
polarity to the X inputs of the “next” AD534. The frequency-control input, EY, varies the integrator 
gains, with a sensitivity of 100 Hz/V, and frequency error typically less than 0.1% of full scale from 
0.1 V to 10 V (10 Hz to 1 kHz). C2 (proportional to Cl ana C3), R3, R4 provide regenerative damp¬ 
ing to start and maintain oscillation. and Z 2 stabilize the amplitude at low distortion by degenera¬ 
tive damping above ±10 V. 
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Voltage-Measuring Circuits 


1 he sources of the following circuits are contained in the Sources section, which begins on page 
706. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Meter Amplifier for 1.5-V Supply 
Voltage Monitor 

ac Voltmeter Has Unique Features 
dc Voltmeter 

Expanded-Scale dc Meter for 12-V Systems 
Simple 3-Digit DVM 
Inexpensive Voltage Calibrator 
Double-Ended Voltage Monitor 
Audible Voltage Indicator 
Low-Drain Meter Amplifier 
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METER AMPLIFIER FOR 1.5-V SUPPLY 


HI 

100k 

1 % 


R2 

I.SM 

IX 





NATIONAL SEMICONDUCTOR Fig. 101-1 

An LM10 is used as a meter amplifier. Accuracy can be maintained over a 15°C to 55°C range for 
a full-scale sensitivity of 10 mV and 100 nA. The offset voltage error is nulled with R5, and the bias 
current can be balanced out with R4. The zeroing circuits operate from the reference output and are 
essentially unaffected by changes in battery voltage, so frequent adjustments should not be neces¬ 
sary. Total current drain is under 0.5 mA, giving an approximate life of 3 to 6 months with an “AA” 
cell and over a year with a “D” cell. With these lifetimes, an ON/OFF switch might be unnecessary. A 
test switch that converts to a battery-test mode might be of greater value. 


VOLTAGE MONITOR 

Viu VotH = 5.5V 



maxim Fig. 101-2 

A MAX923 dual comparator is used as a window' detector. For a threshold of 4.5 V and 5.5 V, 
R 1 = 1.068 MQ, R 2 = 61.9 kfl, and R } = 1 M£1 
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Low-pass inter 


-15 V 



on » copter and attached to > nelcr fact 
for ih« thiahacale v voltmeter. 


ELECTRONIC DESIGN 


Fig. 101 










6.8 p-F, 16 V 


Though it’s built with standard components, this ac voltmeter contains many features not typi¬ 
cally found in commercial meters; the most unusual is a selection of rectification modes. The meter 
responses available include true RMS (TRMS), average, RMS-calibrated average responding, positive 
peak, negative peak, positive-peak hold, and negative-peak hold. 

High- and low-pass filters (SI and S6, respectively) allow the -3-dB-passband to be varied from 
as little as 10 Hz to 200 Hz, to as wide as dc to 500 kHz. The low-pass filter also is effective in the lOOx 
amplifier mode, where the input equivalent noise level is only 0.3 pV, with 10-kHz roll-off. 













dc VOLTMETER 


Resistance Values for a DC Voltmeter 


V FULL SCALE 

Rv (ft] 

R f [ft] 

R't [ft] 

10 mV 

100k 

1.5M 

1.5M 

TOO mV 

1M 

1.5M 

1.5M 

IV 

10M 

1.M 

1.5M 

10V 

10M 

300k 

0 

100 V 

10M 

30k 

0 


R. 



NATIONAL SEMICONDUCTOR Fig. 101-4 

A wide-range voltmeter circuit. This inverting amplifier has a gain varying from -30 for the 
10-mV full-scale range to -0.003 for the 100-V full-scale range. Diodes D1 and D2 provide com¬ 
plete amplifier protection for input overvoltages as high as 500 V on the 10-mV range, but if.over¬ 
voltages of this magnitude are expected under continuous operation, the power rating of R w should 
be adjusted accordingly. 


QST 


EXPANDED-SCALE dc METER FOR 12-V SYSTEMS 



This circuit can be used to monitor a 12-V 
system with a meter reading 10 V to another volt¬ 
age. Expect 10 to 20 V, depending on the setting 
of R2. Depending on the characteristics of Dl, R1 
might be increased or eliminated entirely. 


Fig. 101-5 
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SIMPLE 3-DIGIT DVM 



73 AMATEUR RADIO TODAY Fig. 101-6 

A OA3162ZE A-D converter drives a CA3161 BCD dccodcr/driver and LED display to form a sim¬ 
ple DVM circuit. The 50-kQ gain control and lOO-kQ/10-kQ voltage divider determine full-scale 
range. 


INEXPENSIVE VOLTAGE CALIBRATOR 



POPULAR ELECTRONICS 


Fig. 101-7 


In the voltage calibrator, two low-cost ICs—a 555 oscillator/timer and a 78055 5-V 1.5-A voltage 
regulator—along with a precision voltage divider network are used to provide outputs of 1- to 5-V 
peak-to-peak. 
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AUDIBLE VOLTAGE INDICATOR 


4 TO 200V 
AC/DC 



POPULAR ELECTRONICS Fig. 101-9 

The audible voltmeter can be used to test for ac or dc voltages in a circuit. With Si closed, the 
circuit can be used to test for voltages between 4 and 24 V, and when SI is open, it can be used to 
check for the presence voltages of up to 200 V. 
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LOW-DRAIN METER AMPLIFIER 


1 . 

-*- R, 



NATIONAL SEMICONDUCTOR Fig. 101-10 

Meter amplifiers normally require one or two 9-V transistor batteries. Because of the heavy cur¬ 
rent drain on these supplies, the meters must be switched to the OFF position when not in use. The 
meter circuit described here operates on two 1.5-V flashlight batteries and has a quiescent power 
drain so low that no on/off switch is needed. A pair of Eveready No. 950 “D” cells will serve for a min¬ 
imum of one year without replacement. As a dc ammeter, the circuit will provide current ranges as 
low as 100 nA full-scale. 

The basic meter amplifier circuit shown is a current-to-voltage converter. Negative feedback 
around the amplifier ensures that currents / )N and 7 r are always equal, and the high gain of the op amp 
ensures that the input voltage between pins 2 and 3 is in the microvolt region. Output voltage V o is 
therefore equal to -l f R f . Considering the ± 1.5-V sources (±1.2 V end of life) a practical value of V 0 for 
full-scale meter deflection is 300 mV. With the master bias-current setting resistor (R s ~) set at 10 MQ, the 
total quiescent current drain of the circuit is 0.6 pA for a total power supply drain of 1.8 pW. The input 
bias current, required by the amplifier at this low level of quiescent current, is in the range of 600 pA. 
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Waveform Generator Circuits 


Th e sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Simple Triangle Waveform Generator 
Triangle-Wave Generator 
Generate Accurate PWM Signals 
Triangle-Wave Generator 
Low-Frequency Pulse Generator 

Sine/Cosine Audio Generator for Galvanometer Experiments 

Basic 555 Monostable 

Op-Amp Sawtooth Generator 

Digital Sine-Wave Generator 

Signal Source for Audio Amplifier/Inverter 

Simple Test Signal Generator 
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SIMPLE TRIANGLE WAVEFORM GENERATOR 



POPULAR ELECTRONICS F '9- 102-1 

The circuit is a triangle waveform-generator circuit that uses as few parts as possible. A 555 
timer IC, two resistors, and two capacitors make the triangle waveform. The 1C is connected in a 50% 
duty-cycle astable square-wave oscillator circuit. The square-wave output is fed from piii 3 of the IC 
to an RC shaping circuit. 

When the 555’s square-wave output goes high, C2 begins to charge tlu-ough R2 and the voltage 
across C2 increases as long as the output remains high. When the IC’s output goes low again, C2 be¬ 
gins to discharge through R2 reducing the voltage across C2 as long as the output remains low. The 
resulting waveform across C2 takes the shape of a triangle. The best waveform linearity is obtained 
when R„ and C 2 are made as large as possible. With the component values shown, the pcak-to-peak 
output is 0.5 V at a frequency of about 200 Hz. 
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GENERATE ACCURATE PWM SIGNALS 



ELECTRONIC DESIGN Fig. 102-3 

Accurate 10 to 90% duty-cycle PWM signals can be generated using this simple circuit setup. 
The desired duty cycle is selected by a single jumper block. PWM clock IC1 runs at lOx the desired 
pulse drive frequency. IC2, a 4017 divide-by-10 counter, decodes the clock pulses into one of 10 out¬ 
puts. Output 0 resets IC3, the PWM latch. The latch stays reset until the desired duty-cycle output 
set by the jumper block is reached. At this point, the PWM latch is set, and the PWM output line re¬ 
mains high until output 0 is decoded again. 

By calling IC2’s output (0) the “reset” line for the latch, the PWM output is forced inactive if the 
jumper strap is removed to change duty cycles without first powering down. 

Using the zero-state reset allows IC2’s reset pin to be used as an on/off control line for the cir¬ 
cuit. The complementary PWM output could be used in a full bridge design. 


TRIANGLE-WAVE GENERATOR 

o.i m.f: 


47 K|: 




Triangle 

wave 

out 


F = —-— 
1.4 RC 


C 


ELECTRONICS now Fig. 102-4 

The first two gates are set up as a square-wave oscillator, and the last one makes the conversion 
to triangle waves. 
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LOW-FREQUENCY PULSE GENERATOR 


va 



Rittrn 


Pulse frequency vs. R 2 


NATIONAL SEMICONDUCTOR 


Fig. 102-5 



SINE/COSINE AUDIO GENERATOR FOR GALVANOMETER EXPERIMENTS 


Cosine 

output 



Cl -C3 1 polarized electrolytic 

IC1 LM747 dual op amp !C 

J1.J2 ’/e-inch miniature phone jacK 

All resistors are 5 to 10 percent tolerance, 'U watt. 

All capacitors are 10 to 20 percent tolerance, rated 
at 35 volts or more 

McGRAW-HILL pig. 102-6 

This circuit shows how to implement a sine/cosine audio generator for operating two gal¬ 
vanometers, 
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OP-AMP SAWTOOTH GENERATOR 



POPULAR ELECTRONICS Fi 9- 102-8 

The sawtooth generator circuit shown is reset at the end of each cycle. The result is a constant 
peak-to-peak output throughout the circuit’s frequency range. 

The constant-current generator circuit, the voltage-follower circuit, and the comparator circuit 
produce the waveform. A 555 timer IC (U2) is configured as a one-shot multivibrator that’s triggered 
by the comparator’s negative output pulse. 


DIGITAL SINE-WAVE GENERATOR 



ELECTRONIC DESIGN F '9- 102-9 

The sine-wave generator starts with an 8-MHz signal and divides it by eight to obtain 1 MHz at 
Cl (IC 1 ’s 2-MHz and 500-kHz outputs can serve as alternate drive signals). Q1 level-shifts the 1-MHz 
pulses so that they can drive the bipolar circuitry necessary for producing a bipolar output. Syn¬ 
chronous counter IC2 divides 1 MHz by 256 to give the desired output frequency (3906 Hz), and IC3 
filters the harmonic frequencies. 

The filter’s clock is taken from the first divide-by-2 tap of IC2 to assure, a 50% duty cycle. 1C2 fur¬ 
ther divides this signal by 128 to ensure that the filter’s input signal (1 MHz/256) falls within the flat 
portion of the filter response. 

The output of the switched-capacitor filter resembles a sampled sine wave. It can be smoothed 
by building a first- or second-order low-pass filter around the otherwise uncommitted output op amp. 
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MCGRAW-HILL Fjg 

Two op amps (741, etc..) are used in this oscillator circuit. A square wave is available and a sine 
wave, obtained by shaping the triangle waveform, is also provided. 


SIMPLE TEST SIGNAL GENERATOR 



ELECTRONICS NOW 


Fig. 102-11 


An NE555 generates signals for test purposes. Frequency range is from 20 Hz to 10 kHz de¬ 
pending on the setting of S1. + V is 5 V. 
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Waveguide Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

10-GHz Waveguide Detector for Amateur Radio Use 
10-GHz Waveguide Transition for Amateur Radio Use 
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10-GHz WAVEGUIDE DETECTOR FOR AMATEUR RADIO USE 


3/4" 


FA 


± 


Threaded Type 

BNC, SMA Or N Connector 

(BNC ts Best Fit) 


RF Choke Made 
From Brass Slug 
.250 Dia. Insulate 
From Brass Tube 


1N23 Mixer Diode 
10 GHz Mixer 


xg 

1/4 


Brass Block 
Snug Fit To 
Bottom Of 
1N23 Diode 


Waveguide 

Flange 


Xg Dimension = Back Of Waveguide To 
Center Of Probe Or Mixer 


73 AMATEUR RADIO TODAY 


Fig. 103-1 


This shows the construction of a waveguide detector for use at the 10-GHz amateur radio fre¬ 
quencies. 


10-GHz WAVEGUIDE TRANSITION FOR AMATEUR RADIO USE 



Dimension From Flange To 
Probe Or Mixer Diode Not 
Critical. Space To Suit 
Your Needs 


73 AMATEUR RADIO TODAY 


Fig. 103-2 


A transistor adapts the waveguide to coaxial cable or other types of transmission lines. 
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White-Noise Generator Circuits 


The sources of the following circuits are contained in the Sources section, which begins on page 
707. The figure number in the box of each circuit correlates to the entry in the Sources section. 

Zener-Diode White-Noise Generator 
White-Noise Generator 
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ZENER-DIODE WHITE-NOISE GENERATOR 


+ 9 V 



WILLIAM SHEETS 


Fig. 104-1 


This circuit uses a Zener diode as a noise source. C is chosen to pass the lowest-desired fre¬ 
quency components of the noise. 


WHITE-NOISE GENERATOR 


+ 24 V 



WILLIAM SHEETS p jg 1Q4 _ 2 

Here, a 2N3904 E-B junction is used as a noise generator, reversed bias. C is chosen to pass the 
lowest-desired frequency components of the noise. 
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Index 


Numbers preceded by an “F, "11”, "III", “IV”, “V”, or “VT arr from Encyclopedia of Electronic Circutis Vol I II HI rv V 
or Vi respectively. ’ ’ ’ ' 1 


A 

absolute-value circuits, 1-37, IV-274 
amplifier, 1-31 
full wave rectifier, 11-528 
Norton amplifier, III-l 1 
precision, 1-37, IV-274 
ac amplifier, high input impedance, 
VI-55 

ae line/timer interface, VI-281 
ac motors (see also motor control 
circuits) 

control for, 11-376 
power brake, 11-451 
three-phase driver for, 11-383 
two phase driver for, 1-456, 11-382 
ac power monitor, VI-351 
ac/cic indicator, IV-214 
ac-to-dc converters, 1-105 
fixed power supplies, JV-395 
full-wave, IV-120 

high-impedance precision rectifier, 

I- 164 

accelerometer, VI-345 
acid rain monitor, 11-245, IN-361, V-371 
acoustic field generator, V-338-341 
acoustic sound receiver/transmiUer, 

IV-311 

active antennas (see antennas, 
active) 

active fillers (see also filter circuits) 
band reject, 11-401 
bandpass, III-190,11-221,11-223 
variable bandwidth, 1-286 
digitally tuned low-power, 11-218 
five pole, 1-279 
fourth-order low-pass, V-184 
high-pass, V-180, V-188 
fourth-order, V-188 
second-order, 1-297 
low-pass, V-178, V-181, V-188 
digitally selected break frequency, 

II - 210 

unity-gain, V 187 
low-power 

digitally selectable center 
frequency, ill-186 
digitally tuned, 1-279 
programmable, 111-185 
RC, up to 150 kHz, 1-294 
speech-range filter, V-185 
state-variable, 111-189 
ten-band graphic equalizer using, II- 
084 

three-amplifier, 1-289 
tunable, 1-289 
universal, 11-214 

adapters (see also conversion and 
converters) 

dc transceiver, hand-held, 111-461 
line-voltage-lo-multimeter adapter, 

V-312 


program, second-audio, 111-142 
traveller s shaver, 1-495 
adder circuits, III-327 
binary, fast-action, 1V-260-261 
AFSK generator, one chip, VI-23 
AGC (see automatic gain control 
(AGC) 

air conditioner, auto, smart clutch 
for, 111-46 

aircraft receiver. 118- to 136-MHz, 
Vi-542 

air motion and pressure 
barometer, VI-338 
electronic anemometer, Vl-6 
fiow-delector, 1-235,11-240-242, III- 
202-203, IV-82/V-154, VI-4-6, VI- 
183 

riow-meters (anemometers) 
hot-wire, III-342, V-5, VI-4-6. 

Vl-183 

thennally based, 11-241 
pressure change detector, IV-144 
motion detector, 1-222,111-364 
airplane propeller sound effect, 11-592 
alarms (see also annur.iators; sirens), 
1-4, IH-3-9, IV-R4-89, V-l-16, VI-7- 
16 

555-based alarm, V 11 
alarm-tone generator, V-563 
amateur radio on-alarm and timer, 
VI-32 

audio-sensor alarm, V-8 
auto burglar, 1-3,1-7,1-10, II-2, IH-4, 
IV-53 

alarm decoy, Vl-13 
automatic-arming, JV-50 
automatic turn-off, 8 minute 
delay, 1V-52 

CMOS low-current, IV-56 
horn as loudspeaker, IV-54 
motion-actual ed ear/motorcycle 
1-9 

security system, 1-5, IV-49-5G, 

VI-9, VI-11 
single 1C, 111-7, IV-55 
auto-arming automotive alarm, IV- 
50 

automatic turn-off, IV-54 
8 minute delay, IV-52 
baby-alert transmitter/receiver, V- 
95-96 

backup battery low alarm, VT-110 
bells, electronic. 11-33,1-636 
blown fuse, 1-10 
boat, 1-9 

body-heal detector. VI-266 
burglar alarms, III-8, HI-9, rv 86, VI- 
8 

burglar chaser, V-1G 
latching circuit, 1-8,1-12 
NC and NO switches, 1V-87 
NO switches, IV-87 


one-eliip, III-5 
self-latching, IV-85 
timed shutoff, IV-85 
camera triggered, III-444 
capacitive sensor, III-515 
current monitor and, III-338 
dark-activated alarm, pulsed tone 
output, V-13 
delayed alarm, V-4 
differential voltage or current, 11-3 
digital clock circuit with, 111-84 
door-ajar, 11-284, HI-46, VI-14 
Hall-effect circuit, HI-256 
door minder, V-5 
doorbells (see annueiators) 
driver, high-power alarm driver, V-2 
exit delay for burglar alarms, V-10 
fail-safe, semiconductor, II1-6 
field disturbance, 11-507 
flasher signal, V-197 
flashing brake light for motorcycles, 
VI-12 

flex switch alann sounder, V-15 
flood, 1-390, III-206, IV-188, V-374 
freezer meltdown, 1-13 
headlighls-on, HI-52, V-77 
heat-activated alarm, V-9 
liigh/low-limit, 1-151 
home security system, 1-6, IV-87, 

vi-io-ii 

ice formation, 11-58 
infrared wireless system, IV-222- 
223 

hitching relay alarm circuit, VI-569 
light-activated, V-9, V-273 
high-output, pulsed tone, V-14 
precision design, V-12 
precision with hysteresis, V-14 
self-latch, tone output, V-15 
with latch, V-12 
light-beam intruder-detection 
alarm, V-ll, V 13 
loop circuit, alarms 
closed-loop, V-3 
multi-loop parallel alarm, V-2 
parallel, V-3 
series/parallel, V-3 
low-batt.ery disconnect and, 111-65 
low-batten,' warning, 111-59 
low-volts. 11-493 
motorcycle alarm, Vl-13 
motorcycle burglar alarm, VI-15 
motorcycle, horn alann, VI-14, VI-15 
multiple circuit for, II-2 
no-doze alarm, V-8 
one-chip, 111-5 
photoelectric, 11-4,11-319 
piezoelectric, 1-12, V-10 
power failure, 1-581,1-582, III-511 
printer error, IV-106 
proximity, 11-506. III-517, V-485- 
486, VI-657 
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pulsed-Lone, 1-11, V-.559 
purse-snatcher, capacitance 
operated, 1-134 
rain, 1-443,1-443, TV-189 
road ice, 11-57 
security, 1-4,111-3-9 
self-arming, (-2 

sensor amplifier, sensor amplifier, 
VI-52 

shutoll, automatic, 1-4 
signal-reception, receivers, III-270 
silent alarm, V-lfi 
siren, V-559 

smoke alarms, IT-278, III-24G-253 
gas, 1-332 

ionization chamber, 1-332-333 
line-operated, TV-140 
operated ionization type, 1-596 
photoelectric, line-operated, 1-596 
SCR, 111-251 
solar powered, M3 
sonic defenders, IV-324 
spaceship alarm, V-560 
speed, 1-95 

Star Trek red alert, 11-577 
strobe flasher alarm, TV-180, V-G 
tamperproof burglar, 1-8 
temperature (see also t.emperature- 
related circuits), 11-4,11-643 
adjustable threshold, 11-644 
light, radiation sensitive, IT-4 
timer, 11-674 
trouble tone alert, 11-3 
turn signal use alarm, VI-100 
varying-frcquency warning, 11-579 
wailing, 11-572 
warbling, 11-573, V-7 
watchdog timer/alarm, 1V-584 
water leakage/level (see also fluid 
and moisture), 1-389, IV-190, V- 
374 

allophone generator, 111-733 
alternators 

battery-alternator monitor, car, 111- 
63 

regulator for automobile alternator. 

V- 76 

altimeter, digital readout, V-296 
AM radio-related circuits, i-544 
AM and shortwave, ac/dc vacuuin- 
tuhedesign, VI-536-537, Vl-536 
AM-modulated oscillator for 
wireless microphones, Vl-450 
amplitude modulator, 11-370 
broadcast band signal generator, 

IV-302 

ear radio to shortwave converter, 

IV-500 

demodulator, 11-160 
detector, 455-kHz AM, VI-184 
envelope detector, IV-142 
linear (AM) amplitude modulator, 

VI- 402 

microphone, wireless AM 
microphone, I-G79 
modulation monitor, IV-29Q 
power amplifier for, 1-77 
receivers, 11-525, III-S1, III-529,111- 
535, fV-455 V-496, VI-535 
1.5 V broadcast, V-497 
iuixer/oscillator for AM receiver, 

V-412 

transistor radio, V-502 
carrier-current, 111-81 
FM/AM receiver, VI-541 
integrated, ITI-535 
one-tube, Vl-552 


regenerative, one-tube, VI-547 
two-chip, VI-550 

shortwave radio AM broadcast trap, 

Vl-214 

signal generators, IV-301, IV-302 
Luned collector oscillator, for AM 
broadcast band, VI-454 
AM/FM-related circuits 
clock radio, 11-543, III-l 
squelch circuit., 11-547, III-l 
amateur radio related circuits (see 
also amateur television), Vl-17- 
32 

AFSK generator, one-chip, VI-23 
amplilier control circuitry, 1.2-kW 
144-MHz, VT-19 

amplifier power supply, 1.2-kW 144- 
MI Iz, VI-18 

audio breakout, box, VI-2G-27 
battery pack and reverse polarity 
protection, VT-30 
CW audio niter, VT-29 
CW identifier, programmable, VI-24 
CW transmitter keying circuit, VI- 
22-23 

CW transmitter, one-watt, VI-27 
identifier circuit, VI-31 
linear amp, 2-30 MHz 140-W, III-260 
linear amplifier, VI-1.2-kW 144- 
Mllz, VI-20 

mobile radio on-alarm timer, VI-32 
Morse code circuits, VI-404-409 
PTT control from receiver audio, 
VI-28 

receiver for, 111-534 
RF line sampler/coupler, VI-30 
rf variable-frequency oscillator 
CVFO), V-532 

SSB receiver, VI-80-meter, VI-29 
superhet receiver, four-stage 75- 
meter, VI-21 

SWR detector adapter, audible, VT- 
25 

transceiver memory backup, VI-28 
transceiver relay interface, V-243 
transmit keyer interface circuit, VI- 

31 

transmitter, 80-M, 111-675 
voice identifier, V-550 
amateur television (ATV) circuits, 
33-45, VI-33 

downconverter, 420 to 450 MHz, VT- 
44-45, VI-44 

downconverter, 902 to-928 Mil/,, VI- 
40-41, VI-40 

dummy load for transmitter tests, 
VI-37 

horizontal deflection circuit, Vl-382 
mini transmitter, VI-36 
parabolic dish microphone 
amplifier, Vl-82 
preamp, mast-mounted, VI-37 
switching supply for color TV, SCR. 
VI-487 

transmitter for 440 MHz, VI-5-watt, 
VI-34 

transmitter, VI-5-watt, VI-35 
transmitter, three-channel, 420- to 
450-MHz, VI-4, VI-42 
transmitter, three-channel, 902-lo 
928-MHz, VI-38, VI-38 
U1IF scanner active antenna, VI-67 
vertical deflection circuit, VI-374 
video detector for transmitter tests, 
Vl-37 

ambience amplifier, rear speaker, II- 
458 


ambient, light, effects, cancellation 
circuit., 11-328 

ambient light-ignoring optical sensor, 
111-413 

aiiuiieter, 1-201 
low-current., V-307 
nano, 1202 

pico, IT-154,11-157,1-202 
guarded input circuit, 11-156 
six-decade range, 11-153,11-156 
amplifiers (sop also audio amplifiers), 
11-5-22, III-10-21, V-17-26, VI-46- 
57 

1 watt/2.3 GHz, 11-540 

2 to 6-W, with preamp, 11-451 

2 to 30 MHz, 140W amateur radio 
linear, 1-555 
4W bridge, 1-79 
5W output, t.wo-meter, 1-567 
6W 8-ohm onpnt.-transformerless, I- 
75 

10 dll-gain, HI-543 
10 W power, 1-76 
10 x buffer, 1-128 
12-W low-distortion power, 1-76 
1G-W bridge, 1-82 
25-watt., 11-452 
30 MHz, 1-567 
40 dll gain, IV-30 
60 MHz, 1-567 
80 MHz cascade, 1-567 
80W PEP broarlband/linear. 1-557 
100 Mllz/400 MHz neutralized 
conuuon source, 1-565 
100W PEP 420-450 MHz push-pull, 
1-554 

l()0x buffer, 1-128 
135 to 175 MHz, T-564 
160W PEP broadband, 1-556 
200 MHz neutralized common 
source, 1-568 

450 MHz common-source, 1-568 
GOO-W rf power, 1-559 
absolute-value, 1-31 
ac amplifier, noninverting, V-18, V- 
19 

ac amplifier, high input impedance, 
VI-55 

ac servo, bridge type, III-387 
ac-coupled, dynamic. III-l7 
acoustic field generator, V-338- 
341 

AF drive indicator, V-346 
AGO, 11-17 

squelch control, 111-33 
wide-band, III-15 
adjustable-gain noninverting, 1-91 
amateur radio, linear, 2 to 30 MHz, 
MOW, 1-555 

ambience, rear speaker, 11-458 
AM radio power, 1-77 
attenuator and, digitally controlled, 

I- 53 

audio (see audio amplifiers) 
audio converter, two- to four-wire, 

II- 14 

audio limiter, low-distortion, II-15 
audio power amps (see audio and 
sound circuits, power amps) 
audio signal amps (see audio mid 
sound circuits, signal amps) 
aurlio-to-UHF preamp, V-24 
automatic fade circuit for, 11-42 
automatic level control, 11-20 
automotive audio amplifier, IV-66 
Av/200, stereo, 1-77 
balance, 11-46 
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amplifiers, continued 
inverting, 1-33 

loudness control, 11-47,11-395 
bandpass amplifier, VI-54 
bootstrap circuit, V -355 
bridge, 1-74 
4 watt. 1-79 
16 watt, 1-82 
ac servo, 1-458 
audio power, 1-81 
high-impedance, 1-353 
transducer, 111-71,11-84,1-351 
broadband 
low-noise, 1-562 
PEP, 1G0-W, 1-556 
linear/PEP, SOW, 1-557 
bridge amplifier, VI-122, VI-123 
buffers 
I Ox, 1-128 
lOOx, 1-128 

ac, single-supply, 1-126 
battery-powered, 1-351 
rf amp with modulator, 1V-490 
sine-wave output, 1-126 
unity-gain, stable design, 11-6 
car stereo booster amp, V-72 
cascade, III-13 
80 MHz, 1-567 

cascode, rf amplifiers, IV-488 
CD4049 audio signal amp, 1V-40 
chopper, ± 15V., Ill-12 
chopper channel, 1-350 
stabilized, 11-7 
clamp-limiting, active, III-15 
color video, 1-34, III-724 
common source 
450 MHz, 1-568 
low-power, 11-84 

complementary-symmetry audio, 1- 
78 

composite, 11-8, III-13 
compressor/amplifier, low- 
distortion, IV-24 
constant-bandwidth, III-21 
control circuitry, 1.2-kW 144-MHz, 
VT-19 

cool-down circuit, V-354, V-357 
crystal tuned amp, Vl-57 
current feedback amp, 100 mA at 
100 MHz, V-25 
current-shunt, 111-21 
current collector head, II-l 1,11-295 
current probe amplifier, VT-521 
ourreiil-lo-voltage, high-speed, 1-35 
Darlington, push-pull, V-22 
do seivo, 1-457 
dc-stabilized, fast, III-18 
dc-to-video log, 1-38 
detector, MC1330/MC1352, TV IF, 
1-688 

difference amplifier, V-18, V-21, VI- 
53 

differential, 1-38, III-14 
high-impedance, 1-27,1-354 
high-input, high-impedance, 11-19 
instrumentation, 1-347,10-283 
i nstrumentation, biomedical, 
111-282 

programmable gain, 111-507 
two op amp bridge type, 11-83 
discrete current-booster, V-23 
distribution amplifiers 
audio, 1-39,11-39, V-59 
signal, 1-39 

dual power supply, V-465 
dynamic, ac-coupled, 111-17 
ear protector circuit, V-482 


eleetret microphone preamp, V-21 
electrometer, overload protected, 

II- 155 

fast-inverting, high-input 
impedance, V-18 
FET input, II-7 
offset gale bias, V-22 
video, cascade, 1-691 
flat, response, 1-92,111-673 
forward-current booster, ITT-17 
four-quadrant photo-conductive 
detector, 1-359 

frequency counter preamp, V-24 
gain, 10 dB. III-543 
gain-controlled, HI-34 
gate, 1-36 

guitars, matching audio signal 
amps, 1V-38 

harmonic distortion analyzer, 
V-291 

harmonic distortion meter, V-312 
hi-fi compander as, 11-12 
hi-fi expandor, 11-13 
high-frequency amplifiers, IJ1-259- 
265 

29-MHz, I1I-2G2 

3-IO-30 MHz. 80-W, 12.5-13.6 V, 
Jil-261 

amateur radio, linear, 2-30 MHz 
140-W, 111-200 
noninverting, 28-dR, IIT-263 
RF, broadcast band, 111-264 
UHF, wideband with high- 
performance FETs, 111-264 
wideband, 111-265 
high-impedance/high-gain/high- 
frequency, 1-41 

high-impedance/low-capacitance. I- 
691 

high-input-high-impeilance 
amplifiers, 11-19,11-44 
high-side current-sensing amp, VI-54 
highpass amplifier, Vl-49 
IF amplifiers, 1-690, IV-459 
455-kHz, V-522, V-523, V-524 
45-MHz, crystal filter, V-527 
AGC system, IV-458 
preamp, IV-460 
receiver, IV-459 
quadrature detector, TV sound 
IF, 1-690 

two-stage, 60 MHz, 1-563 
wideband, 1-689 
infinite sample and hold, 11-558 
input-inverting, fast, high- 
impedance, V-19 
input/outpnt buffer for analog 
multiplexers, 111-11 
instrumentation amplifiers, 1-346.1- 
348 1-349. 

1-352, II 293-295,111-278-284, 
rV-229 234 
V-233-235 

±100 V common mode range, 

III- 294 

current collector head 
amplifier, 11-295 
differential, 1-347,1-349,1-353, 
1-354, m-282, ill-283 
extended common-mode design. 

IV- 234 

high-impedance low-drift, 1-355 
high-speed, 1-354 
low-drift/low-noise dc amplifier, 

IV-232 

low-signal level/high-impedance. 
1350 


low-power, II1-284 
meter driver, 11-296 
preamps, III-283, IV-230-231 
precision FET input, 1-355 
saturated standard cell amplifier, 

11-296 

strain gauge, III-280 
triple op amp, 1-347 
ultra-precision, III-279 
variable gain, differential input, 
1-349 

very high-impedance, 1-354 
wideband, I IT-281 
inverting, 1-42,11-41,111-14 
ac, high-gam, 1-92 
balancing circuit in, 1-33 
gain of 2, lag-lead compensation, 
UHF, 1-566 

low-power, digitally selectable 
gain, 11-333 
power amplifier, 1-79 
programmable-gain, III-505 
unity gain amplifier, 1-80 
wideband unity gain, 1-35 
ISD 1000A reeord/playback circuit., 
VI-50 
isolation 

capacitive load, 1-34 
level-shifting, i-348 
medical telemeLry, 1-352 
rf, 11-547 
JFET, V-20 

500-Moluu input impedance, V-23 
bipolar cascade video, 1-692 
current source biasing, V-21 
preamplifier, V-22 
line amps, 111-37 
duplex, telephone, 111-616 
universal design, IV-39 
linear amplifiers 
2-kW 144-MHz, VI-20 
2-30 MHz, 140W PEP amateur 
radio, 1-655 

100 W PEP 420-450 MHz push- 
pull, 1-654 

160 W PEP broadband, 1-556 
amateur radio, 2-30 MHz 140-W, 

111-260 

audio power amplifiers, V-51 
CMOS inverter, II-l 1 
inverter, linear amp from 
inverter, II-11 
rf, IV-480-481, IV-484-485 
load-line protected, 75W audio, 1-73 
logarithmic amplifiers, 1-29,1-35, II- 
8 

dc to video, 1-38 
log-ratio amplifier, 1-42 
op amp, VI-56 
logic amplifiers, 11-332-335 
low-power binary, to lOn gain 
low-frequency, 11-333 
low-power inverting, digitally 
selectable gain, 11-333 
low-power noninverting, 
digitally selectable input and 
gain, 11-334 

precision, digitally programmable 
input and gain, II-335 
programmable amplifier, 11-334 
log ratio, 1-42 
loudness control, 11-46 
low-level video detector circuit and, 
1-687 

low-noise design, JV-37 
lowpass amplifier, Vl-49 
medical telemetry, isolation, 1-352 
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meter-driver, rf, 1 -MHz, III-545 
micro-powered, high-input/high- 
iinpedance, 20 dB, 11-44 
micro-sized, HI-36 
microphone, 1-87,111-24 
electronically balanced input, 1-86 
microwave amplifiers, rV-315-319 
5.7 GHz, JV-317 
bias supply for preamp, IV-318 
preamplifiers, IV-316-319 
mini-stereo amplifier, V-583 
monostable, 11-268 
MOSFET 

liigh-impedance biasing method, 

V- 19 

push-pull amplifier, VI-55 
neutralized common source, 1-565, 

1-568 

noninverting amplifiers, 1-32,1-33,1- 
41,111-14 
ac power, 1-79 
adjustable gain, 1-91 
comparator with hysteresis in, 
1-153 

high-frequency, 28-dB, HI-263 
hysteresis in, 1-153 
low-power, digitally selectable 
input and gain, 11-3-34 
power, 1-79 

programmable-gain, 111-505 
single supply, 1-74 
split supply, 1-75 
Norton, absolute-value, HI-11 
op amp (see operational amplifiers) 
oscilloscope sensitivity, 111-436 
output, four-channel L)/A, 111-165 
pH probe amplifier, VI-523 
phono, 1-80,1-81,1-89 
photodiode, 1-361,11-324,111-19, IH- 
672, VI-301, VI-302 
phototransistor amplifier, V-409 
playback, tape, III-672 
polarity-reversing low-power, 111-16 
power (see power amps) 
power supply, V-464, V-465, Vl-18 
pre-amps (see preamplifiers) 
precision amplifier, 1-40,11-335 
precision RTD, for +5 V, VL-643 
programmable amplifiers, 11-334, 

III-504-508 

differential-input, prograitunable 
gain, III-507 

inverting, programmable-gain, 
III-505 

noninverting, programmable- 
gain, III-505 

precision, digital control/ 
programming, II1-506 
programmable-gain, 1-32, II-9 
variable-gain, wide-range digital 
control, III-506 

programmable gain, 1-32, II-9, VI-51 
programmable input, VI-52 
pulse-width proportional controller 
circuit for, 11-21 
push-pull 
Darlington, V-22 
MOSFET, VI-55 

PEP 100-W, 420-450 MHz, 1-554 
PWM servo, III-379 
recording amplifier, 1-90 
reference voltage, 1-36 
remote, 1-91, VI-50 
remotely powered sensor amplifier, 

VI- 52 

rf (see rf amplifiers) 
sample-and-hold, 1-587,11-558 


selectable input, programmable 
gain, 1-32 

servo amplifiers (see also motor 
controls), 1-452 
400 Hz, 11-386 
bridge type ac, 1-458 
dc, 1-457 

motor drive amplifier, 11-384 
signal amplifiers, audio, 11-41-47, IV- 
34-42 

signal distribution, 1-39 
sound-activated, gain-controlled, 

IV- 528 

silicon-controlled amplifiers (SCA), 

V- 535-536 

decoder, 1-214,11-166,11-170 
demodulator, 11-150, III-565 
subcarrier adapter, FM timer, 
V-536 

sinewave output buffer, 1-126 
sound mixer and, 11-37 
source follower 
bootstrapped, V-20 
JFET, V-20 

speaker amplifiers, 11-16, HI-39 
speech compressor, 11-15 
stereo amplifiers, 1-77,11-9, III-34 
bass tone control, V-584 
subwoofer power supply, V-464 
summing, 1-37,111-16 
fast-action, 1-36 
inverting, V-18, V-20 
precision design, 1-36 
video, III-710, Vi-681 
switching power, 1-33 
tape playback, 1-92,1V-36 
tape recording, 1-90 
telephone, 111-621, IV-555, IV-560, 
V-G14 

telephone ring amplifier, Vl-624, VI- 
626 

test bench amplifier, V-26 
tester, VCR head amplifier, VMS 
thermocouple, 1-654,111-14 
cold junction compensation in, 

11-649, Vl-642 
high-stability, 1-355 
transducer, 1-86,111-669-673 
transformerless, 6-W, 8-ohm 
output, 1-75 

transistorized, 1-86,11-43 
tremolo circuit, voltage-controlled, 
1-598 

tube amplifier, high-voltage 
isolation, IV-426 
tuned amplifier, Vl-53 
TV audio, III-39 
two-meter, 1-562,1-567 
two-stage, 1-563,1-689 
UHF, 1-560,1-565 
unity gain, 1-27, II-7 
noninverting, V-21, V-22 
variable-gain, for oscilloscopes, V- 
426 

VHF, single-device, 80-W/60-ohm, 1- 
558 

video, 1-692, Ul-708-712, 

V-655, V-656, V-657, V-658, 

V- 662, VI-674, VI-679, VI-681, 

VI- 683 

75-ohm video pulse, III-711 
250-mA 60-MHz current 
feedback, VI-682 
buffer, low-distortion, III-712 
color, 1434, HI-724 
dc gain-control, III-711 
l’ET cascade, 1-691 


gain block, 111-712 
IF, low-level video detector 
circuit, 1-689,11-687 
JFET bipolar cascade, 1-692 
line driving, HI-710 
log amplifier, 1-38 
RGB, III-709, VI-675 
summing, 111-710, VI-681 
video IF amplifier/detector, Vl-678 
voice activated switch, 1-608 
voice-operated circuits, V-553 
voltage, differential-to-single- 
ended, 111-670 

voltage indicators/meters, VI-089 
voltage-controlled (see voltage- 
controlled amplifiers) 
voltage-follower, signal-supply 
operation, III-20 

voltmeter amplifier, low-drain, VI- 
695 

volume, 11-46 
Walkman, 11-456 
write, III-18 

amplitude modulation (see AM radio- 
related circuits; AM/FM) 
analog circuits 
counter circuit, 11-137 
delay line, echo and reverb, rV-21 
multiplexers, 11-431, HI-396 
multiplier, 11-392 

switch, differential analog switch, I- 
622 

aiuilog-lo-digltal converter, 11-23-31, 

111-22-26, IV-5-6, V-27-30, VI-58- 
60 

3-bit, high-speed, 1-50 
8-bit, 1-44,1-46 

8-bit successive approximation, 1-47 
10-bit, 11-28 

10-bit serial output, 11-27 
12-bit, high-speed, 11-29 
16-bit. 11-26 
board design, IV-6 
buffer circuit, 1-127, Vl-128 
capacitance meter, 3.5 digit, III-76 
cyclic, 11-30 

differential input system for, 11-31 
eight-channel, for PC clones, V-29- 
30, V-29 

fast precision, 1-49 
four-digit. (10,000 count), 11-25 
half-flash, IH-26 
high-speed system, VI-59 
IC, low-cost, 1-50 
LCD display, 3.5 digit, 1-49 
personal computer A/D converter, 
VI-60 

poller, V-28 

successive approximation, 11-24, II- 
30,1-45 

switched-capacitor, 111-23 
temperature measurement 
converter, Vr-234-235, VI-634 
three-decade logarithmic, 1-48 
three-IC, low-cost, 1-50 
Irackiiig, IH-24 
video converter, IV-610-611 
analyzer, gas, 11-281 
AND gate, 1-395, V-216, VI-315 
large fan-in, 1-395 
relay circuit., Vl-316 
anemometers (see also air 
motion/pressure), VI-4-6 
hot-wire. III—342, VI-5 
thermally based, 11-241 
angle-of-rotation detector, 11-283 
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annunciators (see also alarms: 

sirens), 11-32-34, TTI-27-28,1V-710 
ac line-voltage, 111-730 
bell, electronic 1-636,11-33, IV-9 
buzzers, I-11,1-12,IV-8, V-170 
chime circuit, low-cost, IT-33 
door buzzer, IV-8 

doorbells/chimes, 1-218,1-443, IV-8 
buzzer, V-170 
buzzer, two-door, IV-10 
musical-tone, IV-522 
rain alarm, 1-443 
single-chip design, IV-524 
sliding tone, 11-34 
twin-bell, V-170 
large fan-in, 1-396 
SCR circuit, self-interrupting load, 

IV- 9 

twin-bell doorbell, V-170 
two-door annunciator, IV-10 
answering machines (sue also 
telephone-related circuits) 
beeper, IV-559 

antennas, IV-11-14, V-31-38, VI-61-67 
active, III-1-2, IV-1-4 
wideband rod, IV-4 
with gain, IV-2 
balun, V-34 

FM automobile radio diversity 
antenna, VI-04-65 
FM tunable antenna booster, Vi-65 
HF broadband antenna preamp, V- 
36 

HF/VHF switchable active antenna, 

V- 524 

loop antenna, 

3.5 MHz, IV-12-13 
dual band, 80-16-M, V-32 
preamp, V-38 

matchbox antenna tuner, Vl-66 
miniature broadband (3 to 30 
MHz), VI-63 
preamps 

HF broadband, V-36 
VLF 60 kHz, V-33 
wideband antenna, V-35 
remote tuned active HF, Vi-62 
selector switch, 1V-538-539 
TR switch, automatic, V-37 
tuner, Vl-66 
1 - to 30-MI Iz, IV-14 
low-power, V-38 

UHF scanner active antenna. Vi-67 
VLF 60-kllz antenna preamp, V-33 
VI.F/V1IF wideband, low-noise, 
active, V-33 

wideband antenna, preamp, V-35 
antitliell device, 1-7 
arc lamp, 25-W, power supply for, FI- 
476 

arc welding inverter, ultrasonic, 20 
kHz, HI-700 

arc-jet power supply, starting circuit, 
111-479 

astable multivibrators. 11-269,11-510, 
111-196,111-233, III-238, V-387, V 
388, Vi-418, VI-419 
op amp, 1II-224 

free-running square-wave oscillator, 
V-386 

programmable-frequency, TIT-237 
square w-ave generation with, 11-597 
starling network, VI-418 
variable pulse width, Vl-419 
attendance counter, 11-138 
attenuators, III-29-31, VI-68-70 


analog signals, microprocessor- 
controlled, TII-101 
digitally programmable, 111-30 
digitally selectable, precision 
design. 1-52 
programmable, 111-30 
programmable (1 to 0.00001), 1-53 
rf, IV-322 

switchable power, VI-69 
variable, 1-52 
variable voltage, Vi-70 
voltage-controlled, 11-18,111-31 
audio amplifiers (sue also amplifiers; 
audio and sound circuits; audio 
power amplifiers), 11-41-47, III- 
32-39, IV-34-42, Vl-71-82 
10-watt amplifier, VI-85 
20-dB gain amp, Vi-78 
40 dB gain design, IV-36 
AGC, squelch control, 111-33 
audio compressor, 11-44 
automotive stereo system, high- 
power, TV-66, Vl-101 
balance, 11-46, II 47,1V-215 
Baxandall tone control, IV-588 
booster, 20 riB, 111-35 
CD4049 design, IV-40 
circuit, bridge load drive, 111-35 
class AB single-supply amp, 
complementary, Vl-81 
complementary-symmetry, 1-78 
compressor, 11-44 
distribution, 1-39,11-39 
electric guitar, 1V-38 
electronic-ear low noise amp, 
parabolic dish microphones, VI- 
82 

fader, automatic, 11-42 
fixed power supplies. 1V-398,1V-407 
high-gain amp, VI-80 
high-slew rate power op amp, 1-82 
gain-controlled, stereo, HI-34 
line amplifier, III-37, IV-39 
linear amp, micropower, VI-73 
load line protection, 75W, 1-73 
loudness, 11-46 
low-level amp, VI-78 
low-noise design, 1V-37 
low-power, 11-454 
micro-sized, 111-36 
microphone, 11-45, HI-34, Vl-81 
micropower high-input-impedance 
20-dB amplifier, II-44 
mini-stereo, HI-38 
NB FM audio amp, VI-74 
personal stereo amplifier, VI-75 
power (see audio power amplifiers) 
power supply, V-465, VI-483 
pre-amps 

lOOOx, low-noise, IV-37 
AGC, VI-2 

balanced microphone, Vl-77 
dynamic microphone, VT-76, VI-79 
FET phono cartridge, VI- 79 
general-purpose, TV-42 
impedance-matching. IV-37 
low-noise, 1V-41 

magnetic phono cartridge, IV-35 
microphone, IV-37, IV-41, IV-42 
NAB tape playback, professional, 
III-38 

phono, III-37, IV-35, IV-36 
RIAA, HI-38, VT-80 
single-ended high-z microphone, 

VI-78 

stereo, 11-43,11-45 


transistor RIAA for telephone, 
VI-76 

Q-multiplier, 11-20 
RIAA line amplifier/driver, VI-77 
signal (see audio signal amplifiers) 
signal source for audio 
amplifier/inverter, VI-702 
speaker, hand-held transceivers, III- 
39 

tape playback amplifiers, IV-35 
television type, HI-39 
test circuit., VI-343 
tone control, 11-686 
transistor headphone amplifier, 11-43 
two-transistor design, VI-74 
ultra-high-gain, 1-87 
vacuum tube amplifier, VI-72-73 
vehicle audio amplifier inverter, VI- 
284 

volume indicator, 11-46, IV-212 
audio and sound circuits (see also 
audio amplifiers; sound 
generators; sound-operated 
circuits) 

acoustic field generator, V-338-341, 
V-338 

acoustic sound 
receiver/tnmsiiiiller, IV-311 
AF drive indicator, V-346 
amplifiers (see audio amplifiers) 
audio-frequency generator, V-416- 
417 

audio frequency ineter, V-305, V- 
320 

audio-rf signal tracer probe, 1-527 
audio-sensor alarm, V-8 
audio-test oscillator, V-420 
audio-lo-ADC interface, V-242 
audio-to-UHF preamp, V-24 
automatic gain control (AGC), H-l 7 
automatic level control (ALO), 
V-62 

AGC system for CA3028 IF amp, 
1V-458 

rl'amplifier, wideband adjustable, 
111-545 

squelch control, III-33 
widc-band amplifier, III-15 
booster, 11-455, IU-35 
biquad filter, 111-185 
bridge load drive, 111-35 
carrier-current transmitter, 111-79 
dipper, precise, 11-394 
compressor, 11-44 
continuity tester, 1-550 
converter, two- to four-wire, 11-14 
CW audio filter, Vl-405 
CW identifier, VT-408 
distribution amplifier, 1-39,11-39 
ditherizer, VI-377 
dual tone generator, Vl-390 
expander, V-582 
filters (see filters) 
frequency doubler, IV-16-17 
frequency meter, 1-311, V1-335 
gain control, remote, VI-384 
generators (see sound generators) 
LED bar peak program meter 
display, 1-254 

level meters, sound levels, 111-346, 
III-014. TV-305, IV-307 
leveler, ALO, VI-3 
limiters, IT-15, V-335 
millivolt,meter, HI-767,111-769 
mixers (see mixers) 
muting circuit, Vl-383 
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noise-based voting circuit, VI-422- 
423 

i to let i filter, II -400 
octave equalizer, V-353 
oscillators, 1-64,11-24,111-427, IV- 
374, IV-375, VI-432-440 
20 llz to 20 kHz, variable, 1-727 
light-sensitive, IH-315 
sine wave, 11-562 

power (see audio power amplifiers) 
power meter, 1-488 
power supply for auto sound amp, 
VI-483 

Q multiplier, 11-20 
receivers (see receivers) 
rf signal tracer probe, 1-022 
scramblers, IV 25-27 
selector, digital, V-158 
signal amplifiers (see audio signal 
amplifiers) 

sine wave generator, 11-564 
squelch, 0-394 
switches 

eight-channel, V-588-589 
video/andio swatch, V-586 
switching/mixing, silent, 1-59 
telephone/audio interface, Vl-625 
transmitters (sew transmitters) 
waveform generators, III-230 
audio generators (see sound 
generators) 

audio-operated circuits (see sound- 
operated circuits) 
audio power amplifiers, 11-451, HI- 
454. TV-28-33, V-39-51, VI-83-93 
1.5 watt, VI-12 V, VI-84 
6 -W. with preamp, 111-454 
10-watt, VI 85 
18-W bridge, V-49 
20-W, 111-456 

33-W bridge composite, V-46 
40 W, V-41 
50-W, 111-451 

70 W. composite, V-44-45 
80-watt 1C, VI-91 
00 -V 10-A high power, VO-93 
AF amplifier, VI 92 
audio amplifier, IV-32 
basic design, V-51 
bridge, 1-81, V-49, VI-88 
bridge connection of two power op 
amps, VI-92 
bridge composite, V-46 
bull horn. IV-31 
class-AB amp, Vl-88 
complementary amp circuit, VI-91 
composite, 

33-W bridge, V-46 
70 W, V-44-45 
inverting 10W, V-47 
noninverting 10W, V-47 
dual, V-42-43 

general-purpose, 5-W, ac, 1V-30 
half-watt, single-channel, V-41 
inverting composite, 10W, V-47 
line-operated, VI-86 
linear, fast, high-voltage, V-51 
mini-megaphone, VI-93 
MOSFET, V-47 

noninverting composite 10W. V-47 
op amp, simple design, IV-33 
parallel power op amp, VI-84 
personal-stereo type, V-48 
phono amp, VI-90 
power bridge amp with single- 
ended output, VI-85 


quasi-eompleiu enta ry, VI-90 
quasi-complenientary, split, power 
supplies, Vl-89 
receiver audio circuit, IV-31 
RFl-proof, Vl-88 
RIAA phono amplifier, VI-89 
stereo amp, IV 29, V-40 
subwoofer amp, V-49, V-50 
vacuum tube amplifier, VI-87 
audio signal amplifiers, 11-41-47. IV- 
34-42, V 52-59 
booster, V-58 
compressor, audio, V-f>7 
audio signal amplifiers, constant- 
volume, V-56 

distribution amplifier, V-59 
dual preamp, V-58 
headphone amplifier, V-53 
headphone amplifier, JFET, V-57 
line driver, V-54 
mini-amp, V-55 

phonograph, magnetic pickup, V-58 
tunable-filter design, V-56 
volume limiter, V-59 
audio-frequency generator, V-416-417 
audio-frequency meter, V-305, V-320 
audio to-UHF preamp, V-24 
audio/video switcher circuit, IV-540- 
541 

auto-advance projector, 11-444 
autodrum sound effect, 11-591 
aulu-rade circuit, Tl-42 
auto-Ilasher, 1-299 

auto-zeroing scale bridge circuits, HI- 
69 

automatic gain control (AGO), 11-17, 
VI-1 

AGO system for OA3028 IF amp, IV- 
458 

audio preamp, VI-2 
IF network AGC, VI-3 
low-noise 3-MHz AGC, Vl-2 
rf amplifier, wideband adjustable, 

111-545 

squelch control, 111-33 
widc-band amplifier, III-15 
automatic level control (ALC), V-60- 
62, VI-1 

AGC system for audio signals, V-62 
basic design, V-62, Vl-3 
digital design, V-61 
automotive circuits, 11-48-6-3. TIT-40- 
52, IV-43-67, V-63-77, Vl-94-104 
accessory-power controller, V-70 
alarms (see also alarms/security 
circuits), V-l 
automatic-arming, IV-50 
automatic turn off, IV-52 
CMOS design, low-current, 1V-56 
decoy, VI-13 

horn as loudspeaker, IV-54 
single-IC design, 1V-55 
air conditioner smart dutch,111-46 
altemator/battery monitor, 111-63, 

V- 88, VI-97 

alternator regulator, V-76 
AM radio to shortwave converter, 
TV-500 

amplifier, booster for car stereo, V- 
72 

analog expanded-scale meter, TV-46 
audio-amplifier, high-power, TV-66. 

VI- 101 

audio amplifier inverter, VI-284 
audio system power supply, Vl-103 
back-up beeper, 111-49, IV-51, IV-56 


bar-graph voltmet er, 11 54 
battery ehargers/monitors (see also 
battery-related eircu its) 
charger, ni-ead, i-115 
condition checker, 1-108 
current analyzer, I 104 
electric vehicle battery saver, 

III- 67 

isolator circuit., VI-104 
monitor, i-106,1-222,111-60-67 
supply circuit, ± 15- and 5-V, 

IV- 391 

battery cranking-amps tester, V-84 
battciy/allernator monitor, V-88 
brake and turn indicator, V-74 
brake lights, V-6-5 
delayed extra, 111-44 
flashing, V-69.VI-12 
flashing tliird, 111-51 
night-safety light for parked car, 

IV- 61 

third brake light,, r\'-60 
burglar alarms, 1-3,1-7,1-10, II-2, 
1II-4,111-7, TV-53 

cassette recorder power circuit, IV- 
548 

cigarette lighter 9-V adapter, VI-97 
courtesy lights 
delay switch, HI-42 
light extender, 111-50 
dc power adapter, V-70 
digi-tach, 11 -61 

directional signals monitor, III-48 
door ajar monitor, HI-46 
electric vehicles, battery saver. HI- 
67 

electrical monitor, VI-96 
electrical tester, IV-45 
electronic circuits, TV-63-67 
engine-block heater reminder, V-74 
exhaust emissions analyzer, 11-51 
fan thermostatic switch, V-6B 
FM radio diversity antenna, VI-G4- 
65 

fog light controller with delay, TV-59 
fuel gauge, digital readout., IV-46 
fuse monitor, V-77 
garage stop light, 11-53 
generator regulator, V-76 
glow-plug driver, 11-52 
headlights, IV-57-62 
alarm, HI-62, V-77 
automatic-off controller, IV-61, 

V- 76 

delay circuit, 1-107,11-59,111-49 
dimmer, 11-57,11-63 
flasher, V-73 
monitor, VI-104 
on-lights reminder, V-74, V-77 
switching circuit, V-75 
headlighr/spotlight control, V-67 
high-speed warning device, 1-101 
ice formation alarm, 11-58 
ignition circuit, V-64 
capacitor discharge, VI-102-103 
cut-off, IV-53 
electronic ignition, IV-66 
substitute ignition, III-41 
timing light, II-GO 
immobilizer, 11-50 
kill-switch for battery, time- 
delayed, V-71-72 
light circuits, TV-57-62 
lights-on warning, 11-55, III-42, IV- 
58,1V-60, IV-62 

locator, automobile locator, III-43 
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automatic level control (ALO), 
continued 

motorcycle alarm, VI-13 
burglar alarm, VI-15 
flashing brake light, VI-12 
headlight monitor, VT-104 
hom alarm, VI-14, VI-15 
tune-up aid, VI-359 
turn-signal system, VI-98 
night-safety light for parked car, IV- 
61 

oil pressure gauge, digital readout, 

IV- 44, rV-47 

PTC thermistor automotive 
temperature indicator, 11-56 
power supply, VI-483, VI-513 
radio receiver, 11-525 
radio WWV converter, V-119 
read-head pre-atnplilier, 111-44 
road ice alarm, 11-57 
security system, 1-5, IV-49-56, VI-9, 
VI-13 

spotlight/headlight control, V-67 
stethoscope for automobiles, VI-95 
tachometers, 1-94.1-100.1-102, II- 
175,111-335, IK-340, 

III-347, V-65, VI-98 
analog readout, IV-280 
calibrated, IK-598 
closed loop feedback control, 
11-390 

digital readout, 11-61,111-45, 
rV-268-269, IV-278 
dwell m eter/tac h ometor, 111-45 
feedback control, 11-378,11-390 
frequency counter, 1-310 
low-frequency, 111-596 
minimum-component design, 

I- 405 

motor speed controllers. 11-378. 

II- 389 

optical pick-up, 111-347 
set point, TIT-47 
temperature gauge 
digital readout, IV-48 
PTC thermistor, 11-56 
test light, high-Z, VI 104 
thermostatic switch for auto fans, 

V- 68 

turn signals, V-65 
alarm, VI-100 
motorcycle, VI-98 
audible reminder, V-74 
monitor, 111-48 

sequential flasher for, 11-109, HI-1 
smart. V-66-67, Vl-99 
reminder, V 73 

vacuum gauge, digital readout, IV- 
45 

voltage gauge, 1V-47 
voltage regulator, 111-48, IV-67 
voltmeter, hargraph, 1-99 
water temperature gauge, IV-44 
windshield wiper circuits, 1-105, li¬ 
fts, 11-02 

control circuit, 1-103,1-105,11-62 
delay circuit, 11-55,1V-64 
hesitation control unit, 1-105 
intermittent, dynamic braking, 
11-49 

interval controller, IV-67 
slow-sweep control, 11-55 
windshield washer fluid watcher, I- 
107 

WWV converter for radio, V-l 19 
averaging circuit, Vl-324 


B 

B-ficld measurer, IV-272 
baby monitor, V-370-371 
baby-alert transmitter/receiver, V-95- 
96 

back-biased GaAs LED light sensor, 
11-321 

back-EMF PM motor speed control, 
11-379 

backup-light beeper, car, IV-51,1V-56 
bagpipe sound effect, 1V-521 
balance indicator, audio amps, IV-215 
balance meter, stereo, V-583 
balancer, stereo, 1-619 
balance amplifiers, III-46 
loudness control in, II-395 
balance indicator, bridge circuit, 11-82 
baluri, V-34 

bund reject filter, active, 11-401 
bandpass filter (see also filter 

circuits). 11-222, V-l80, V-181, VI- 
220 

0.1 to 10 Hz. 1-296 
160 Hz, 1-296 

active, 11-221, II 223,111-190, VI-210 
1 kHz, 1-284 
20 kHz, 1-297 
60 <113 gain, 1-284 
variable bandwidth, 1-280 
amplifier, VI-54 
biquad, 1-285, III-188, V-190 
Chebyshev fourth-order, 111-191 
high-Q, I 287, V-l79 
MFB, multichannel tone decoder, I- 
288 

multiple feedback. 1-285,1-297, II 
224 

notch, II-223 

one op-amp design, VI-222 
Sallen-Key, 600 Ilz, 1-291 
second-order biquad, III-188 
speech-range filter, V-l85 
slate variable, 1-290 
tunable, IV-171 
two op-amp design, VI 216 
variable bandpass, V-184 
variable-frequency, V-186 
bandswitching for receiver, VI-608 
bang-bang power controllers, IV-389 
bar-code scanner, III-363 
bar-expanded scale meter, K-186 
bar graphs 

ac signal indicator, 11 1 87 
voltmeters, 11-54,11-99 
barricade Hasher. 1-299 
barometer, IV-273, Vl-338 
bass tone control in stereo amplifier, 
V-584 

bass tuner, K-362 
12 V, 1-113 

200 mA-hour, 12V Ni-Cad, I-I14 
automatic shutoff for, 1-113 
battery-operated equipment (see 
also battery-related circuits) 
ac power control switch, IV-387 
automatic shutoff, 111-61 
bipolar power supply. 11-475 
black light, V-281 

buffer amplifier for standard cell, I- 
351 

calciilators/radios/eassette players, 
power pack, 1-509 
cassette deck power circuit, car, IV- 
548 

fence charger, 11-202 


flasher, high-powered, 11-229 
lantern circuit, T-380 
light, capacitance operated, 1-131 
On indicator, IV-217 
undervoltage indicator for, 1-123 
warning light., 11-320 
battery-related circuits (see also 
battery-operated equipment), V- 
82-89 

12-V battery status indicator, VI- 
120 

AA cells, +5 V/+3.6 V power supply. 

V- 452 

alarm, VI-110-111 
automotive battery isolator, VT-104 
battery-life extenders, IV-72, V-87 
9-V, 111-62 

disconnect switch, IV-75 
electric vehicles, 111-67 
butler, battery butler, VI-116-117 
capacity tester, 111-66 
car battery/altcniator monitor, V-88 
chargers, 1-113,11-64,11-69, III-53- 
59. IV-68-72, V-78-81, 

VI- 105-113, Vl-118 
12-V charger, 1V-70 

constant, voltage, current limited, 
1-115 

controller for charger, VI-107 
current limiter for ctmrger, VI-108 
intelligent circuit, V-83 
lead-acid trickle charger. VI-112 
lithium charger, VI-108, VI-109, 
VI-112 

mobile charger, +12 Vdc, TV-71 
ni-cart, 1-112,1-116, III-57, 

VI-109, Vlr 111, Vi-113 
photnflash capacitor, VI-466 
rf type, V-79 

smart charger circuit, VT-106 
solar-powered, V-81 
temperature sensing charger, 
TV-77 

trickle charger, lead-acid, V-79 
checkers (see battery monitors, 
below) 

condition checker, 1-108,1-121 
control for 12V, 1-112 
converter, dc-to-dc, I V-l 19 
cranking-amp test circuit, V-84 
current, limited 6V, 1-118, IV- 70 
current monitor, 0-2 A batteries, V- 
87 

disconnect, switch, life-extender, 
IV-75 

dynamic constant current test, 

11-75 

fixed power supply, 12-VDC/120- 
VAC, 111-464 
gel cell, IT-66 

high-voltage generator, III-482 
indicators (see battery monitors, 
below) 

interna) resistance tester, IV-74 
kill-switch, time-delayed, V-71-72 
lead/aciri, ill-55 
level indicator, 11-124 
lithium, 11-67 

backup battery replacement, 

VI-120 

charge indicator, 11-78 
low-battery deteetion/warning, 1- 
124.11-77,111-56, III-59,111-63, HI- 
65, IV-56,1V-80, VI-118 
low cost trickle for 12V storage, I- 
117 
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monitors, 1-106, (-222,1174-79, IN- 
60-67, 1V-73-80, V-82-83, VI-110 
111, VI-114-120 
ni-cud batteries, 1-118 
analyzer for, 111-64 
charger, 1-112, 1-116.111-57, 
VI-109, Vl-111, VI-113 
12 v, 200 mA per hour, I 114 
current and voltage limiting, 
1-114 

fast-acting, 1-118 
portable, 1V-69 
temperature-sensing, IV-77 
thermally controlled, 11-68 
packs, automotive charger for, 
1-115 

portable, ID-47, IV-69 
protection circuit, III-62 
simpli-cad, 1-112 
temperature-sensing charger, 
IV-77 

test circuit, IV-79 
thermally controlled, 11-68 
zappers, 1-6, 11 - 66 , 11-68 
power supply and, 14V, 11-73, 

ID-42 

probe for battery charger, Vl-118 
protection circuit, ni-cads, 111-62 
PUT, III-54 

rechargeable LED ilaslilight, VI-107 
regulator, 1-117 
relay fuse, V-88 

reverse polarity protection, VI-30 
saver circuit, V-87 
sensor, quick deactivating, 111-61 
simpli-cad, 1-112 
solar cell, 11-71 
splitter, III-66 
status indicator, 11-77 
step-up switeliiiig regulator, 6-V, II- 
78 

supply-voltage monitor, V-85 
test circuits, IV-78, V-83, V-86 
LED bargraph, V-89 
ni-cad, IV-79 

thermally controlled ni-cad, 11-68 
threshold indicator, 1-124 
UJT, III-56 

undervollagc indicator, 1-123, VI- 
117 

universal battery, 111-56,111-58 
versatile battery, 11-72 
voltage indicalors/monitors, 11-79, 
IV-80, V-86 

automotive batteries, IV-47 
detector relay, 11-76 
HTS, 1-122 
regulator, IV-77 
solid-state design, 1-120 
watchdog circuit, V-85 
wind powered, 11-70 
zapper, simple ni-cad. 1-116 
Baxardall tone-control audio amp. 
rv-588 

BCD decodcr/diiver, multiplexed. VI- 
189 

BCD rotary switch, digital, V-160 
BCD-to-analog converter, 1-160 
BCD-to-parallel converter, multiplex, 
1-169 

beat-frequency oscillator, VI-452 
beacon transmitter, III-683 
beep transformer, ID-555, III-566 
beepers, 1-19, HI-40, VI-143 
bells, electronic (see also alarms; 
annuciators), 1-636,11-33 


bench t.op power supply, 11-472 
bicycle speedometer, IV-271, rV-282 
bilateral current source, 111-409 
binary counter, 11-135 
biomedical instrumentation 
differential amplifier, 111-282 
bipolar dc-de converter with no 
inductor, 11-132 
bipolar power supply, 11-475 
bipolar voltage reference source, IN- 
774 

biquad audio filter, TIT-185 
second-order bandpass, NT-188 
RC active bandpass, 1-285 
bird-cliirp sound effect, 11-588, NT-577 
bird feeder monitor, V-371 
bistable multivibrators. 1-133,11-465, 
Vl-228-230, Vl-418 
inverter, 111-103 
debouncer, IV-108 
Nasiier, 1-299,11-234 
lamp driver, 1V-160 
pushbutton trigger, V-388 
liS nip-Dop, 1-395 
SCR, 11-367 
SR Nip-Nop, IV-651 
touch-triggered, 1 133 
trigger nip-flop. VI-229 
two-amp nip-flop, VI-230 
bit grabtxT, computers, IV-105 
black liglit, battery-operated, V-281 
blcnder-iuotor control circuit, V-379 
blinkers (see flasiiers arid blinkers) 
blown-fuse alarm, 1-1(1 
boiler control, 1-638 
bongos, electronic, 11-587 
boosters 
12 ns, 11-97 

ae line voltage twxisl, V-349 
audio, 11-455,111435, V-58 
boosler/ljuffer Tor reference 
current, IV-425 
electronic, high-speed, 11-96 
forward-current, III-17 
LED. 1-307 

power booster, op amp design, IV- 

358 

rf amp. broadcast band boost, IV- 
487 

shortwave FET, 1-561 
bootstrap circuit, V-356 
source follower, V-20 
cable, 1-34 

brake lights (see automotive circuits) 
brake, PWM speed control/energy 
recovering, ill-380 
breakers 
12 ns, 11-97 

high-speed electronic, 11-96 
breaker power dwell meter, 1- ] 02 
breakout box 
amateur radio, VI -26-27 
buffer, 11-120, 

breath alert alcohol tester, IN-359 
breath monitor, II1-350 
bridge balance indicator, N-82 
bridge circuits, 1-552, N-80-85,111-68- 
71,1V-81-83, VI-121-123 
ae, 11-81 

ac servo amplifier with, IN-387 
accurate riull/variable gain circuit, 
111-69 

air-Dow-sensing thermistor, 1V-82 
ainpiifier, 16-watt, Vi-85, Vl-88, VI 
122, VI-123 

auto-zeroing scale, 111-69 


balance indicator, 11-82 
bridge transducer amplifier, II1-7I 
crystal-controlled oscillator, IV-127 
differential amplifier, two op-amp, 
11-83 

inductance bridge, IV-83 
linearizing function circuit, VI-321 
load driver, audio circuits, III-35 
low-power common source 
amplifier, 11-84 

one-power supply design, IV-83 
QRP SWR, IN-336 

rectifier, fixed power supply, IV-398 
remote sensor loop transmitter, HI- 
70 

rf bridge, V-50-MHz, V-303 
strain gauge signal conditioner, N- 
85, III-71 

transducer, ainpiifier for, N-84 
Wheatstone bridge, VI-123 
W'ien-bridge (see Wien-hridge) 
brightness controls, IN-308, IN-316 
contrast met.er, 1-472, II-447 
LED, 1-250 
low-loss, 1-377 

broadband communications (see 
radio/rf circuits) 
buck converter, 5V/0.5A, 1-494 
buck/boost. converter, IN-113 
bucking regulators 
add 12-V output to 5-V, V-472 
high-voltage, [N-481 
buffer amplifiers, V-91 
! Ox, 1-128 
lOOx, 1-128 

ac, single supply, 1-126, VI-127 
bat.ferv powered, standard cell, II- 
351 

MOSFET design, V-93 
sine wave output, 1-126 
VFO design, V-92 
buffers, IV-88-90, V-90-93, VI-124- 
128 

amplifiers (see buffer amplifiers) 
ac, single-supply, high-speed, 1-127- 
128 

ADC buffers, 1-127, VI-125, VI-126 
A/D, 6-bit, high-speed, 1-127 
A/D converter hi iffer, VI -128 
analog noninverting switched 
buffer, VI-127 
bidirectional design, VI-128 
booster/buffer for reference 
current, IV-425 
capacitance buffers 
low-input, IN-498 
stabilized low-input., IN-502 
data/clock line serial bus for PCs, V- 
110 

hex-buffer crystal oscillator, V-136 
high-current,, V-92 
input/output,, for analog 
multiplexers, 111-11 
inverting, II-299, IV-90 
microphone buffer amplifier, high- 
Z, VI-125 

oscillator buffers, IV-89 
piezoelectric, VI-470 
precision-increasing design, TV-89 
rail-to-rail single-supply buffer, V- 
93 

rf amp, buffer amp with modulator, 
TV-490 

stable, high-impedance, 1-128 
unity gain, stable, good speed, high- 
input. impedance, IT-6 
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buffer amplifiers, continual, 

VFO buffer amplifier, V-92 
video buffer, III-7J2, V-93 
voltage follower, VI-127 
wideband buffer, 1-127, VT-126 
buffered breakout box, IT-120 
bug detector, III-365, V-I50 
bug trailer, III-358 
bull hom, 11-453, TV-31 
burglar alarms (see alarms; 

aimuciators; sirens) 
burst generators (see also function 
generators; sound generators; 
waveform generators), 11-86-90, 

111-72-74 

multi-, square waveform, 11-88 
rf, portable, III-73 
single timer IC square wave, 11-89 
single tone, 11-87 
strobe tone, 11-90 
tone, 11-90,111-74 
burst power control, I1I-3G2 
bus interface, eight bit gP, II-114 
Butler oscillator, VI-452 
aperiodic, 1-196 
conuuon base, 1-191 
crystal, 1-182 

emitter follower, 11-190-191,11-194 
Butterworlh filter, VI-220 
lburth-order, 1-kHz, Vl-222 
fourth order high-pass, 1-280, V-179 
fourth order low-pass, V-180 
order low-pass, V-181 
buzzers (see aimuciators) 

C 

cable 

bootstrapping, 1-34 
coax cable driver, VI-201 
driver, VI-078 

terminator, positive feedback, Vi-388 
test circuit, HI-539, V 299 
tester, audio/virieo cable, Vi-144 
tracers, VI-659 

twisted-pair video driver/receiver 
circuit,, VI-082 

two-input, video MUX cable driver, 
VI-197 

video cable driver, Vl-200 
calibrated circuit, I JVM auto, 1-714 
calibrators 

analog circuits, VI-356 
crystal, 100 kHz, 1-185 
electrolytic capacitor reforming, IV- 
270 

FI SR. measurer, IV-279 
oscilloscope, 11-433, III-436 
portable, 1-644 
square wave, 5-V, 1-423 
standard for calibration. 1-400 
radio calibrator, V-298 
tester, IV-265 

wave shaping, high-slow rates, IV- 
650 

cameras (sue photography-related 
circuits; television and video) 
canary sound simulator. V-557 
canceller, central image, III-358 
capacitance buffers 
low-inpul, 111-498 
stabilized low-input, 111-502 
capacitance controller, digital, V-159 
eapaeitancc meters, 1-400,11-91-94. 
111-75-77, VI-3 40 
A/D, 3.5 digit, III-7C 
capacitance-Ho-voltage, 11-92 


digital, 11-94 

capacitance multiplier, 1-410.11-200, 
V-205, V-347 

capacitance Lester, one-IC design, V- 
306, Vi-358 

capaeiUaiee-Lo-pulse width 
converter, 11-126 

cnpacifanee-lo-volUige meter. 11-92 
capacitor discharge 
high-voltage generator, HI-485 
ignition system, U-103 
capacitors 

hysteresis compensation, V-353 
prograuuuable, VI-362 
capacity tester, battery, 111-66 
car port, automatic light controller 
for, 11-308 

cars (see automotive circuits) 
carrior-curreiiL circuits (see also 
radio/rf circuits), III-78-82, IV-91- 
93, V-94-96 
AM receiver, 111-81 
audio transmitter, 111-79 
baby alert roceivcr/lnmsmiUer, V- 
95, V 96 

data receiver, IV-93 
data transmitter, 1V-92 
FM receiver, 111-80 
intercom, 1-146 
power line modem, HI-82 
receivers, 1-141,1-143 
IC, I 146 

single transistor, 1-145 
relay, I 575,1V-461 
remote control. 1-146 
transmitters, 1-144 
IC, 1-145 

on/olT 200 kllz line. 1-142 
cascaded amplifier, 111-13 
cassette bias oscillalor, 11-426 
cassette interface, telephone, I1I-G18 
centigrade thermometer, 1-655, II- 
648, il-662 

central image canceller, 111-358 
charge pool power supply, III-469 
charge pumps 

positive inpulAiegative output. 1- 
418, ill-360 

regulated for fixed power supply, 

1V-396 

chargers (see batter,'-related circuits, 
diargers) 

chase circuit, 1-326, HI-197 
Chebyshev filters (see also filter 
circuits) 

bandpass, fourth-order, 111-191 
fifth order multiple feedback low 
pass, 11-219 

high-pass, fourth-order, ITT-191 
chime circuit, low-cost, 11-33 
chopper circuits 
amplifier, 11-7, III-12,1-350 
dc output, V-349 
JFET, V-352 

checkers (see measurement/test 
circuits) 

chroma demodulator with RGB 
matrix, III-716 

chug-chug sound generator, 111-576 
circuit breakers (see also protection 
circuits) 

12 ns, 11-97 
ac, ill-512 

high-speed electronic, 11-96 
t rip circuit, IV-423 
circuit, protection (see protection 
circuits) 


clamp on-current probe 
compensator, H-501 
clamp limiting amplifiers, active, HI- 
15 

clamping circuits 
video signal, 111-726 
video summing amplifier and. HI- 
710 

Olapp oscillator, VI-458 
class-D power amplifier, 111-453 
clippers, 11-394, IV-648 
audio-powered noise, 11-396 
aiidio-clipper/liitiilcr, 1V-355 
noise clipper, adjustable, VI-423 
zener design, fast, syirunctrical, IV- 
329 

clrxck circuits, 11-100-102, III-83-85, 

V-97-99, VI-129-131 
60 Hz clock pulse generator, 11-102 
adjustable TTL, 1-614 
binary clock, V 98-99 
buffer serial bus, V-110 
comparator, I 156 
crystal oscillator, micropowcr, IV- 
122 

digital, with alarm, 111-84 
gas discharge displays, lll-12-hour, 
1-2:53 

low-frequency clock, VI-131 
oscillator/clock generator, 111-85 
phase lock, 20-MHz to NuBus, 111- 
105 

run-down clock for games, 1V-205 
sensor touch switch/clock, 1V-591 
set. time windows within clock, VI- 
130 

single op amp, 111-85 
source, clock source, 1-729 
stepper motors, V-573 
three-phase from reference, 11-101 
TTL, wide-frequency, Hi-85 
7,80 computer, 11-121 
clock generators 
oscillator, 1-615 
precision, 1-193 
pulse generator, 60 Hz, 11-102 
clock radio, 1-542,1-543 
CMOS circuits 

555 as table true rail-to-rail square 
wave generator, 11-596 
9 bit, 111-167 
coupler, optical, III-414 
crystal oscillator, III-134 
data acquisition system, 11-117 
dimmer, V-270 
Hasher, 111-199 

inverter, linear amplifier from, II-l l 
line receiver, V-497 
mixer, 1-57 
multivibrators, V-385 
optical coupler, III-414 
oscillator. 1-187, 1-615,1-199, HI- 
429, III-430, V-420 
piezoelectric driver, V-440 
programmable precision timer, HI- 
652 

short-pulse generator, IH-523 
touch switch, 1-137 
universal logic probe. III-499 
variable-frequency oscillator 
(VFO), V-418 
coaxial cable 

drivers, coaxial cable, 1-266,1-560 
five-transistor pulse booster, 11-191 
tost circuit, V-299 
Cockcroft-Walton cascaded voltage 
doubler, TV-635 
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code-practice oscillators, 1-15,1-20,1- 

22.11- 428-431, IV-373, IV-375, IV- 
376, V-100-103, VI-404-409 

keyer, “bug” type, V-102 
Morse code practice, V-103 
optoisolator design, V-101 
QRP sidetone generator, V-102 
single-transistor design. V-103 
VFO design, V-103 
coil drivers, current-limiting, III-173 
coin flipper circuit, 111-244 
coin toss game, VI-2-50 
color amplifier, video, III-724 
color-bar generator, IV-614 
color organ, 11-583,11-584, V-104-105, 
VI-193 

color video amplifier. 1-34 
colorimeter, VI-306-307 
Colpitts crystal oscillators, 1-194,1- 

572.11- 147. V-411, VI-160, VI-458 

l-to-20 MHz, IV-123 

frequency checker, IV-301 
harmonic, 1-189-190 
two-frequency, IV-127 
comb filter, VI-218 
combination locks, electronic, 11-196 
three-dial, 11-195 
commutator, four-channel, 11-364 
companders (see 

compressor/expander circuits) 
comparators. 1-157, II-103-112, III-86- 
90 

demonstration circuit, 11-109 
diode feedback, 1-150 
display and, 11-105 
double-ended limit, 11-105,1-156 
dual limit, 1-151 
four-channel, IIT-90 
frequency, 11-109, IT-110, VI-353 
frequency-detecting, 10-88 
high-impedance, 1-157 
high input impedance window 
comparator, 11-108 
high-low level comparator with one 
op amp, II 108 
hysteresis, 1-157 
inverting, 1-154 
noninverting, 1-153 
inverting, 1154 
jitter suppression, V-342 
latch and, 111-88 
LED frequency, 11-110 
limit, 1-156, 11-104 
low-power, less Hum 10 pV 
hysteresis, 11-104 
microvolt 
dual limit, 111-89 
hysteresis. III-88 
inonostable using, 11-268 
opposite polarity input voltage, 1- 
155 

oscillator, tunable signal, 1-69 
power supply overvoltage, glitches 
detection with, 11-107 
precision 

balanced inpul/vuriable offset, 
111-89 

photodiode, 1-360,1-384 
time out, 1-153 

TTL-compatible Schmitt trigger, II- 
111 

three-input and gate, op amp 
design, IV-363 
variable hysteresis. 1-149 
voltage comparator, IV-659 
voltage monitor and. 11-104 
window, I-152,1-154^ 11-106,111-87, 


111-90, III-776-781. IV-656-658, 
VI-181 
compass 

digital design, IV-147 
Hall-effect, 111-258 
talking Hall-cffecl compass, V-221 
compensator, clairtp-on-curreni 
probe, 11-501 

composite amplifier, 11-8,111-13 
composite-video signal text adder, 

111-716 

compressor/expander circuits, 111-91- 
95, IV-94-97 

amplificr/coitiprcssor, low- 
distortion, IV-24 
audio, 11-44, V-57 
audio compressor/audio-band 
splitter, IV-95 
clock circuit, 1-156 
guitar, sound-effect circuit, IV-519 
hi-fi, 11-12,11-13 
de-emphasis, 111-95 
pre-emphasis, 1IJ-93 
low--voltage, HI-92 
protector circuit, 1V-351 
speech, 11-2 

universal design, IV-96-97 
variable slope, III-94 
computalarm, 1-2 
computer circuits (see also 

interfaces). 11-113-122,111-96- 
108, V-l 06-110. VI-132-141 
ADC. eight-channel, for PC clones. 

V- 29-30 

analog signal attenuator, III-101 
analog-to-digital converter for PC, 

VI- 60 
alarm, 1-2 

ASCII triplex LCD, 8048/IM80C48. 

11-116 

hit. grabber, IV-105 
buffered breakout box, 11-120 
buffer serial-bus for data/dock 
lines, V-l 10 

bus interface, 8-bit gP, II-l 14 
dock phase lock, 20-MHz-to- 
NuBils, III-105 

CMOS data acquisition system, II- 

117 

contrast and backlight control, 
high-efficiency, Vl-191 
CPU interface, one-shot, 1V-239 
data acquisition circuit, VI-378 
data separator for floppy disks, II- 
122 

deglitclier, 1V-109 
display, eight-digit, 111-106 
dual 8051s execute in lock-step 
circuit, 1V-99 

DVM adapter for PC, V-310 
EEPROM programming doubler 
circuit, VI-138 

EEPROM pulse generator, 5V- 
powered, 111-99 

eight-channel mux/demux system, 

II- 115 

eiglit-digil microprocessor display, 

III- 106 

error checker, master/slave device, 
Vl-389 

flash memory programming supply, 
+12 volt, Vl-138 
flip-flop inverter, spare, III- 103 
liigh-specd data acquisition system, 

11-118 

interface, 680x, 65(lx, 8080 families, 

III-98 


interval timer, programmable, 11- 
678 

keyboard matrix interface, IV-240 
laptop computer power supply, V- 
463 

LCD, CCEL supply with variable 
contrast, Vl-510 
line protectors, 3 p.P I/O, TV-101 
logic-level translators, IV-242 
logic line monitor, III-108 
long delay line, logic signals, 111-107 
memory/protector power supply 
monitor, 1V-425 

memory saving power supply, 11-486 
mierocomputer-to-triac interface, 

V- 244 

microprocessor selected pulse 
width control, 11-116 
.modem protector circuit, V-479 
modem/fax protector ior two 
computers, V-482 
multiple inputs detector, 111-102 
onc-of-eighl channel transmission 
system, LL1-100 

oscilloscope digiLal levels, 1V-108 
password protection circuit, V-109, 

VI- 135 

power line modem for computer 
control, VL-474 

power saver for monitors, VI-139 
power supply for notebook 

computer, triple-output, VI-512 
pow-cr supply watchdog, U-494 
pulse width control, 11-116 
printer error alarm, IV-106 
printer port, VI-134-135 
printer sentry 1 , V-107-108 
reset protection, childproof, IV-107 
RGB blue box, III-99 
RS-232, computer-powered, VI-138- 
139 

RS-232 dataselector, automatic, HI- 
97 

RS-232C line-driven CMOS circuits, 

IV-104 

RS-232-to-CMOS line receiver, HI- 
102 

RS-232C LED circuit, III-103 
RS-422 to RS-232 converter, VI-133 
short-circuit sensor, remote data 
lines, IV-102 

signal attenuator, analog, HI-101 
sleep-mode sound-operated 
circuits, V-547 

socket debugger, coprocessor, HI- 
104 

speech synthesizer for, HI-7.32 
stalled output detector, rV-109 
supervisory circuit, Vl-136 
switch debouncer, IV-105 
auto-repeating, IV-106 
teleprinter loop supply, VI-497 
triac array driver, II-4I0 
voltage regulator for new 
microprocessors, VI-566 
Vpp generator for EPROMs, II-114 
wireless RTS kever with data, Vl- 
136 

XOR gates, IV-107 
up/down counter, 111-105 
280 bus monitor/debugger, IV 103 
280 dock, 11-121 
contact switch, 1-136 
continuity testers, 1-550,1-551, II 

533,11-535. ill-345,111-538-540, 
1V-287,1V-289.1V-296, VI-142- 
145 
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buffer amplifiers, continued 
adjustable continuity tester, VI-144 
audible, 11-5,%, V-317, V1-145 
audio/video cable tester, VI-144 
buzz box, 1-551 
cable tester, HI-539 
latching design, IV-295 
low-resistance circuits, V-319 
ohmmeter, linear, III-540 
PCB, 11-342,11-535 
ratiometric, 1-550 
RC decade box, V-294-295 
resistance-ratio detector, 11-342 
short-circuit beeper, VT-143 
single chip checker, 11-534 
visual, V-293 
contrast meters, 11-447 
automatic, [-472 

brightness controls, i-250,1-377, IH- 
308 

control circuits (see fluid and 
moisture; light-controlled 
circuits; motor control circuits; 
speed controllers; temporaLun¬ 
related circuits; tone controls) 
controller circuit, IV-142 
conversion and converters, 1-503, II- 
123-132, IIM09-122,1V-110-120, 
V-116-128, VI-146-155 

3- to-5 V regulated output, III-730 

4- to-18 MHz, III-114 

4-t.o-20 mA current loop, IV-111 
5V-to-isolated 5V at 20 MA, III-474 
5V-to-0.5A buck, 1-494 
9-t.o-5-V converter, IV-119 
12-to-9 V, 7.5, or 6 V, 1-508 
l2-to-16V, 111-747 
28-to-5 Vdc converter, V-127 
50 + V feed forward switch mode, I- 
495 

50+ V push-pull switched mode, I- 
494 

100 MHz, 11-130 

100 V-io-10.26 A switch mode, I- 
501 

225-W 15-V output converter, VI- 
148-149 

800-to-1000 MHz scanner 
converter, V-122 
ac-to-de converters, 1-165 
fixed power supplies, IV-395 
Tull-wave, IV-120 
high-impedance precision 
rectifier, 1-164 

amateur TV downconverter, 420 to 
450 MHz, VI-44-45 
amateur TV downconverter, 902 to 
928 MHz, VI-40-41 
analog-to-digital (see analog-to- 
digital conversion) 

ATV downconverter, V-125, V-126 
ATV rf receiver/converter, IV-420 
BCD-to-analog, 1-160 
BCD-to-parallel, multiplexed, 1-169 
buck/boost, III-113 
calculator-to-stopwatch, 1-153 
capacitance-to-pulse width, 11-126 
crystal-controlled, one-chip, V-117 
current-to-frequency, IV-113 
wide-range, 1-164 
current-to-voltage, 1-162,1-165, V- 
127, VI-154, VI-155 
grounded bias and sensor, II-126 
photodiode, 11-128 
dc automobile power adapter, V-70 
dc-to-dc, IV-118, V-l 19, V-128, VI- 
164-167 


l-to-5 V, 1V-119 
3-to-5 V battery, IV-119 
3-to-25 V, III-744, IV-118 
bipolar, no inductor, 11-132 
fixed 3- to 15-V supply, IV-400 
isolated +15V, HI-115 
push-pull, 400 V/60 W, 1-210 
regulating, 1-210,1-211, H-125, 
HI-121 

step-up/step-down, m -118 
dc/ac inverter, V-6G9 
dc/dc converter, V-669 
differential voltage-to-current 
converter, VI-153 
digital-to-analog (see digital-to- 
analog conversion) 
direct-conversion 7-MHz receiver, 
VI-153 

driven flyback converter, VI-150 
fixed power supply, HI-470 
flyback, 1-211 

self oscillating, 1-170, IT-128, 
ffl-748 

voltage, high-efficiency, HT-744 
frequency, 1-159, V-l 23 
frequency-to-voltage (see 
frequency-to-voltage conversion) 
HF receive converter, VI-147 
high-to-low-impedance, 1-41 
intermittent converter, power 
saver, IV-112 

IR-pulse-to-audio converter, V-224 
light intensiry-t.o- frequency, 1-167 
line-voltagfr-to-miiltimeter adapter, 
V-312 
logarithmic 
fast-action, 1-169 
temperature- compensated, V-127 
low-frequency, 111-111, VI-153 
ohms-to-volts, 1-168 
oscilloscope, 1-471 
outpnt-to-current converter, VI-155 
NTSO-to-RGB converter, VI-677 
period-to-voltage, IV-115 
photodiode log converter/ 
transmitter, VI-312 
pico-ampere, 70 V with gain, 1-170 
PIN photodiode-to-frequency, HI- 
120 

polar-to-rectangular converter/ 
pattern generator, V-288 
polarity, (-166 

positive-to-negative, HI-112,111-113 
power supplies, inductorless, V-456 
pulse heighl-lo-width, 111-119 
pulse traiu-lo-sinusoid. 111-122 
pulse width-lo-voltage, J1I-117 
radio beacon converter, IV-495 
rectangk-lo-lriangle waveform, IV- 
116-117 

regulated 15-V 6-V driven, III-745 
resistance-to-voltage, 1 - 161-162 
rf converters, IV-494-501 
ATV rcceivcr/converter, 420 MHz, 
low-noise, IV-496, IV-497 
radio beacon converter, IV-495 
receiver frequency-converter 
stage, 1V-499 

SW converter for AM car radio, 
IV-500 

two-mclcr, IV-498 
up-converter, TVRO subcarrier 
reception, IV-501 
VLF converter, IV-497 
WWV-to-SW converter, IV-499 
receiving converter, 220 MHz, 
IV-500 


RGB-composite video signals, IH- 
714 

RMS-to-dc, 1-167,11-129 
50-MHz thermal, III-117 
RGB-to-NTSC, rV-611 
sawtooth wave converter, IV-114 
seamier converter, V-800-to-1000 
MHz, V-122 
SCR converter, VI-151 
shortwave, III-114, V-l 18 
simple LF, 1-546 
sine-wave converter, VI-150 
sine-to-square w'ave, 1-170, IV-120, 
V-124, V-125, V-569, V-570 
square-Lo-sinp wave, III-118 
square-to-triangle wave, TTL, 11-123 
step-down converter, 5-V 5-A, VI- 
151 

syne-to-async, VI-152 
temperature-to-digital, V-123, VI- 
646 

temperature-to-frequency, 1-168, V- 
121, VI-639 

icmpcraLure-to-time, 1II-632-G33 
transverter, V-2-to-6 meter, V-124 
triangle-to-sine wave, 11-127 
TTL-lo-MOS logic, 11-125,1-170 
two-wire to four-wire audio, 11-14 
unipolar-to-dual voltage supply, III- 
743 

video converters 
a/d and d/a, IV-610-G11 
RGB-to-NTSC, IV-611 
VLF converters, 1-547, V-121 
rf converter, IV-497 
voltage (see voltage converters) 
voltage multipliers, V-668-669 
WWV converter, V-l 19, VI-147 
WWV-to-SW rf converter, IV-193 
cool-down circuit, V-354, V-357 
coprocessor socket debugger, HI-104 
countdown timer, 11-680 
counters (see aLso dividers), H-133- 
139, III-123-130, V-129-133 
analog circuit, 11-137 
attendance, 11-138 
binary, 11-135 
divide-by-N 
1+ GHz, IV-155 
1.5+ divirie-hy-n, 1V-156 
CMOS programmable, 1-257 
7490-divided-hy-n, IV-154 
divide-by-odd number, IV-153 
event counter, VI-369 
frequency counters, VI-360 
2 MHz, V-l30-131 
10 MHz, V-l32-133 
preamp, V-24 

frequency dividers, 1-258,11-251, 
IT-254, III-213-218,111-340, 

III-768 

1.2 GHz, 111-129 
10-MHz, HI-126 
dock input, IV-151 
decade, 1-259 
divide-by-1.5, III-216 
low-cost, III-124 
low-frequency, li-253 
preamp, III-128 
programmable, IV-152-163 
staircase generator and, 1-730 
tachometer and, 1-310 
fringe counter, VI-300 
Geiger, 1-536-537, V-217-219 
microfarad counter, IV-275 
minimum/maximum selector, four- 
input, V4132 
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odd-number divider and, II1-217 
preamplifier, oscilloscope, lil-4-38 
precision frequency, 1-253 
programmable, low-power wide- 
range, III-126 
ring counters 
20 kHz, 11-135 
incandescent lamp, 1-301 
low-cost, 1-301 

low-power pulse circuit, IV- 437 
SCR, 111-195 
variable timing, 11-134 
time base, function generators, 1 
Hz, TV-201 
universal 

10-MHz, 1-255,11-139 
40-MIIz, ill-127 
up/down counters 
8-digit, 11-134 

extreme count freezer, III-125 
XOR gate, 111-105 
coupler circuits 
linear couplers 
ac analog, 11-412 
analog, 11-413 
dc, 11-411 

optoeoupler, iiistruinentalion. 11- 
417 

optical couplers/oplocouplers, V- 
407 

CMOS design, III-414 
interface circuits, V-406-407 
linear, instrumentation, 11-417 
stable, 11-409 
TTL design, 111-416 
photon, 11-412 

RF line sampler/coupler, VI-30 
transmitter oscilloscope for CB 
signals, 1-473 

courtesy lights (see automotive 
circuits) 

craps game, VI-245 
CRO doubler, 111-439 
cross fader, 11-312 
cross-hatch generator, color TV, HI- 
724 

crossover networks, 11-35 
5V, 1-518 

ac/dc lines, electronic, 1-515 
active, 1-172 

asymmetrical third order 
Butterworth, 1-173 
electronic circuit for, II-3G 
crowbars, 1-516 
electric, III-510 
electronic, 11-99 
SCR, 11-496 

voltage regulator, variable, with 
crowbar limiting, VI-515 
crystal oscillators (see also 

oscillators), 1-180,1-183-185,1- 
195,1-198,11-140-151, III-131- 
140, IV-121-128, V-134-140, 
VI-156-100 

l-to-20 MHz, TTL design, IV-127 
i-to-4 MHz, CMOS design. IV-125 
10 MHz, 11-141 
10-to-150 kHz, IV-125 
10-to-80 MHz, IV-125 
50-to-150 MHz, IV-126 
96 MHz, 1-179 
150-to-30,000 kHz, IV-126 
330 MHz, IV-125 
activity tester, V-138 
amplifier, tuned, Vl-57 
aperiodic, parallel-mode, I 196 
basi c design, V -135 


- bridge, crystal-controlled, IV-127 
Butler oscillator, 1-182 
calibrator, 100 kllz, I-1&5,1V-124 
ceramic, 10 MHz, varactor tuned. II 
141 

clock, micropower design, IV-122 
CMOS crystal oscillators. 1187, fll- 
134 

l -to-4 MHz, IV-125 
Colpitts crystal oscillators. I-194,1 
572, It 147, VI-160 

I- to-20 MHz, TV-123 
frequency checker, 1V-301 
harmonic, 1-189-190 
two-frequency, iV-127 

crystal-controlled oscillator as, 11- 
147 

crystal-stabilized 1C timer for 
subharmonic frequencies, 11-151 
crystal tester, 1-178,1-186,11-151 
de-switched, VI-159 
doubler and, 1-184 
easy slarl-up. 111-132 
FIST, 1 Ml Iz, 11-144 
FIST quartz crystal oscillator, VI- 
157 

FET VXO, VI-157 
FM capable, VI-158 
frequency adjustable, VI-159 
frequency doubler, VI-160 
fundamental-frequency, III-132 
Hartley oscillator, V-140 
hex-buffer, V-136 
high-frequency,- 1-175.11-148 
high-ffcqucncy signal generator as, 

II- 150 

IC-compatible, II-146 
impedance checker, V-136 
LO for SSB transmitter controlled 
by, 11-142 

low-frequency, 1-184,11-146, V-135 
10 kHz to 150 kHz, 11-146 
low-noise, II-145 
marker generator, HI-138 
mercury cell crystal-controlled 
oscillator as, 11-149 
OF-1 HI oscillator, international, I- 
197 

OF-1 LO oscillator, international, I- 
189 

overtone oscillators, 1-176.1-177,1- 
180,1-183,1-186,11-146, III-146 
50 MHz to 100 MHz, 1-181 
100 MHz. IV-124 
crystal, 1-176,1-180,11-146 
crystal switching, 1-183 
fifth-overtone, 1-182 
third-overtone oscillator, TV-123 
Pierce oscillator, V-140 
i -MHz, rrr-134 
crystal, 1-195,11-144 
harmonic, 1-199,11-192 
■IFRT, 1-198 
low-frequency, III-133 
quartz, two-gate, III-136 
radio detector, VI-182 
reflection oscillator, crystal- 
controlled, HI-136 
Schmitt trigger, 1-181 
signal source controlled by, 11-143 
sine-wave oscillator, 1-198 
stable low-frequencv, 1-198 
standard, 1 MHz, 1-197 
temperature-compensated, 1-187, 
11-142, in-137 
test, circuit, V-l 39 
third-overtone, 1-186, IV-I23 


lime base, 111-133,1V-128, V-137, V- 
138 

TTL design, I-179, IV-127 
TTL-compatible, 1-197 
transistorized, 1-188 
tube-type, 1-192 

UJT 100-kllz calibration oscillator, 
VI-157 

VHF crystal oscillator, 111-138-140 
voltage-controlled (VCO), 111-135, 
IV-124 

wide-range, V-139 

crystal radio receiver, VI-549, VI-557 
crystal switching, overtone oscillator 
with, 1-183 

current analyzer, auto battery, 1-104 
current booster, 1-30,1-35 
current collector head amplifier, II- 
11,11-295 

current feedback amp, 100 mA at 100 
MHz, V-25 

current limiter, V-l 46 
foldback current, VI-477 
inrush current, V-358 
regulator, Vl-478 • 
current loops 

4-lo-20-mA converter, IV-111 
controller, .SCR design, rV-387 
current meters and monitors, 1-203, 
11-152-157, III-255,111-338, IV- 
284, V-144-146, Vl-259. VI-365 
alarm and current monitor, IIL338 
ac current indicator, IV-290 
current sensing in supply rails, II- 
153 

electrometer amplifier with 
overload protection, 11-155 
Hall-effect sensors. III-255, IV-284 
high-gain current sensor, IV-291 
line-current monitor, III-341 
picoammeter. 1-202,11-154,11-157. 
HI-338 

guarded input, 11-156 
range ammeter, six-decade, 11-153, 
11-156 

current probe, VI-521 
current, readout, rf, 1-22 
current regulators, op amp, VI-430. 
VI-489 

current sensing, supply rails, 11-153 
current sink, 1-206 
i mA for fixed power supplies, IV- 
402 

voltage-controlled, IV-029 
current sources, 1-205,1-697, V-l41- 
143, VI-161-163, VI-332, VI-335 
0-to-200-nA, IV-327 
bilateral, 1-694-695, 111-469, V-l 43 
bipolar sources 
inverting, 1-697 
noninverting, 1-695 
constant, 1-697,111-472 
fixed power supplies 
bootstrapped amp, IV-406 
differential-input, fast-acting, 

IV-405 

low-current source, IV-399 
generator, VI-162 
limiter, V-146 

low-resistance measurements, V- 
142 

multiple fixed current source, VI- 
163 

negative, V-l43 
offset-adjusting, V-145 
positive, V-142 
precision, 1-205,1-206 


747 



current sources, continued 
regulator, variable power supply, 
III-490 

variable power supplies, voltage- 
programmable, IV-420 
voltage-controlled, III-468, VI-162, 
VI-163 

current-limiting regulator, V-458 
current-shunt amplifiers, III-21 
current-to-frequency converter, IV- 

113 

wide range, 1-164 
current-to-voltage amplifier, high¬ 
speed, 1-35 

current-to-voltage converter, 1-162,1- 
165, V-127, VI-154, VI-155 
grounded bias and sensor in, II-12G 
photodiode, 11-128 
curve tracer, V-300 
diodes, IV-274 
FET, 1-397 
CW-related circuits 
audio filter, VI-29, VI-405 
OW/SSB receiver, 80- and 40-meter, 
V-499 

filter, razor sharp, 11-219 
identifier, VI-24, Vl-408 
keying circuits, IV-244 
offset indicator, IV-213 
SSB/CW product detector, IV-1,39 
transceiver, 5 W, 80-meter, IV-602 
transmitters 
1-W, 111-678 
6-W 40-M, VI-664 
20-M low-power, V-649 
40-M, III-684, V-648 
902-MHz, III-686 
HF low-power, IV-601 
keying circuit, VI-22-23 
one-watt, Vl-27 
QUP, 111-69 

ultrasonic transceiver, Vl-669 
cyclic A/1) converter, 11-30 


D 

dark-activated (sen light-controlled 
circuits) 

darkroom equipment (see 

photography-related circuits) 
Darlington amplifier, push-pull, V-22 
Darlington regulator, variable power 
supplies, 1V-421 

Darlington transistor oscillator, VI- 
455 

data-manipulalion circuits, 1V-129- 
133 

acquisition circuits, IV-131, VI-378 
CMOS system, 11-117 
four-channel, 1-421 
high-speed system, 11-118 
analog-signal transmission isolator, 
IV-133 

link, 1R type, 1-341 
presealer, low-frcquency, IV-132 
read-type circuit, 5 MHz, pliase- 
cneoded, 11-365 

receiver, carrier-current circuit 
design, IV-93 

receiver/message demuxer, three- 
wire, IV-130 
selector, RS-232, III-97 
separator, floppy disk, 11-122 
transmission circuits, IV-92 
dc adapter/transceiver, hand-held, 
HI-461 


dc generators, high-voltage, 111-481 
dc motors (see also motor control 
circuits) 

direction control, 1-452 
driver controls 
fiberoptic control, 11-206 
fixed speed, III-387 
servo, bipolar, H-385 
reversible, 11-381,111-388 
speed control, 1-452,1-454, HI-377, 
111-380, III-388 
dc restorer, video, III-723 
dc servo drive, bipolar control input, 
11-385 

dc static switch, 11-367 
dc-to-ac inverter, V-247, V-669 
dc-to-dc conversion, 1V-118, V-669, 
VI-164-167 
l-to-5 V, IV-119 
3-to-5 V battery, IV-119 
3-to-25 V, III-744, IV-118 
•3.3- and 5-V outputs, V-128 
3 A, no heatsink, V-119 
bipolar, no inductor, 11-132 
fixed 3- to 15-V supply, IV-400 
isolated, VI-165 
isolated +I5V, III-llo 
negative step-up converter, VI-166 
push-pull, 400 V/60 W, [-210 
regulating, 1-210,1-211,11-125, HI- 
121 

step-up/step-down, IH-118 
ultra low-power for personal 
communications, VI-166 
dc-to-dc inverter, VI-285 
dc-to-dc SMPS variable power 
supply, 11-480 

debouncers, HI-592, TV-105, V-316, 
Vl-387, VI-613, Vl-614 
auto-repeat. IV-106 
computer applications, IV-105, IV- 
106, IV-108 
flip-flop, IV-108 

debugger, coprocessor sockets. HI- 
104 

decibel level detector, audio, with 
meter driver, 111-154 
decoders, 11-162,111-141-145, VI-168- 
171 

10.8 MHz FSK, 1-214 
24-percent bandwidth tone, 1-215 
BCD decoder/driver, multiplexed, 
VI-189 

direction detector, 111-144 
DTMF decoder, VI-169 
dual-tone, 1-215 
encoder and, I1I-144 
FM stereo decoder, Vl-170 
frequency division multiplex stereo, 
11-169 

PAL/NTSC, with RGB input, 1U-717 
radio control receiver, 1-574 
SCA. 1-214, III-166, III-170 
second-audio program adapter, Ul- 
142 

sound-activated, III-145 
stereo TV', 11-167 
time division multiplex stereo, II- 
168 

tone alert, 1-213 
tone dial, 1-630,1-631 
tone decoders, 1-231,111-143, VI-170 
24% bandwidth, 1-215 
dual time constant, 11-166 
relay output, 1-213 
tone-dial decoder, 1-630,1-631 


video, NTSC-to-RGB, IV-613 
video line decoders, VI-171 
weather-alert detector/decodcr, IV- 
140 

deglitcher circuit, IV-109, V-336-337 
delay circuits/ delay units, III-MO¬ 
MS, V-l 47-148, VI-172-173 
adjustable, 111-148 
analog delay line, echo and reverb 
effects, 1V-21 
door chimes, 1-218 
echo and reverb effects, analog 
delay line, IV-21 

exit delay for burglar alarms, V-10 
headlights, 1-107,11-59 
leading-edge, 1II-147 
long duration time, 1-217,1-220 
power-on delay,'V-148 
precision solid state, 1-664 
pulse, dual-edge trigger, III-147 
..pulse generator, 11-509 
relay, ultra-precise long time, 11-211 
timed delay, 1-668,11-220 
time-delay generator, VI-173 
constant-current charging, 11-668 
windshield wiper delay, 1-97,11-55 
demodulators, 11-158-160.111-149-150 
5V FM, 1-233 
12V FM, 1-233 
565 SCA, HI-150 
AM demodulator, 11-160 
chroma, with RGB matrix, III-716 
FM demodulator, 1-544,11-161, V- 
151, V-155 

narrow-band, carrier detect, 

11-159 

linear variable differential 
transformer driver, 1-403 
LVDT demodulators, II-337,111-323- 
324 

stereo, 11-159 
telemetry, 1-229 

demonstration comparator circuit, II- 
109 

demultiplexers (see also 
multiplexers), HI-394 
differential, 1-425 
eight-channel, 1-426, II-115 
descramblers, 11-162 
gated pulse, 11-165 
outbaml, 11-164 
sine wave, 11-163 
derived center-channel stereo 
system, IV-23 

detect-and-hold circuit, peak, 1-585 
detectors (set? fluid and moisture; 
light-controlled circuits; motion 
and proximity; motor control 
circuits; peak detectors; smoke 
detectors; speed controllers; 
temperature-related circuits; 
tone controls; zero-crossing) 
deviation meter, IV-303 
dial pulse indicator, telephone, 111- 
613 

dialers, telephone 
pulse-dialing telephone, 111-610 
pulse/lone, single- cl up, 111-603 
telephone-line powered repertory. 
1-633 

tone-dialing telephone, 111-607 
dice, electronic, 1-325,111-245,1V-2U7 
differential amplifiers, 1-38,111-14, V- 
18, V-21, VI-185-287 
high-imp c dance, 1-27,1-354 
high-input high-impc dance, 11-19 
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instrumentation, 1-347,111-283 
instrumentation, biomedical, 111-282 
oscilloscopes, Vl-463 
programmable gain, III-507 
two op amp bridge type, 11-8-3 
wide input common-mode range. 

VI-53 

differential analog switch, 1-622 
differential capacitance measurement 
circuit, (1-665 

differential hold, 1-589,11-365 
differential multiplexers 
demultiplexer/, 1-425 
wide band, 1-428 

differential thermometer, 11 - 661 , 111 - 
638 

differential voltage or current alarm, 
11-3 

differentiators, 1-423, V-347 
negative-edge, 1-419 
positive-edge, 1-420 
digital-capacitance meter, 11-94 
digital-1C, tone probe for testing, 11- 
504 

digital-frequency meter, III 344 
digital-logic probe, TIT-497 
digital audio tape (DAT), ditherixing 
circuit, IV-23 
digital circuits, V-156-160 
audio selector, V-158 
BCD rotary switch, V-160 
capacitance control, V 159 
entry lock, V-157 
inverters, V-246 
potentiometer control, V-158 
resistance control, V-159 
digital multimeter (DMM), IV-291, V- 
291 

digital voltmeters (L)VM), 111-4 

3.5- digit, 1-713, ill-761 
3.75-digit, 1-711 

4.5- digit, 1-717,111-760 
auto-calibrate circuit, 1-714 
automatic nulling, 1-712 
calibrated circuit, DVM auto, 1-714 
interface and temperature sensor, 

11-647 

LED readout, TV-286 
digilal-lo-analog eonverlers, 1-241, II- 
179-181,111-163-169, V-120 
.JJ-to -5V ouLput, resistor 
Lenninaled, 1-239 
3-digit, BCD, 1-239 

8- bit, 1-240-241 
Iiigh-spccd, 1-240 

output current to voltage, 1-243 
to 12-bit, two, 11-180 

9- bit, CMOS, 111-167 

10- bit, 1-2-38 

4-quad, offset binary coding, 
multiplying, 1-241 
+10V full scale bipolar, 1-242 
+10V full scale unipolar, 1-244 
12-bit 

binary two’s complement, III-166 
DAC, VI-149 
precision, 1-242 
variable step size. 11-181 
14-bit binary, 1-237 
16-bit binary. 1-243 
fast voltage output, 1-238 
high-speed voltage output, 1-244 
multiplying. Ill-168 
octal converter, V-350 
output amplifier, four-channel, TIT 
165 


video converter. IV-610-611 
digitizer, tilt meter, III-G44-646 
dimmer switches, 1-369,11-309, IV- 
247, IV-249, VI-377 
800 W, II-309 
dc lamp, 11-307 
four-quadrant. IV-248-249 
halogen lamps, 111-300 
headlight, II-57,11-63 
low-cost, 1-373 

soft-start, 800-W, 1-376,111-304 
tandem, 11-312 
Iriac, 1-375,11-310,111-303 
diode emitter driver, pulsed infrared, 

II- 292 

diode tester. 1-402.11-343, III-402 
go/no-go, 1-401 
zencr diodes, 1-406 
diodc-matching circuit, IV-280 
dip meters, 1-247,11-182-183 
basic grid, 1-247 
dual gate IUFET, 1-246 
little dipper, 11-183 
varicap tuned FET, 1-246 
diplexer/mixer, 1V-335 
direction deteetors/finders, IV-14G- 
149 

compasses 
digital design, IV-147 
Hall effect. 111-258 
talking Hall effect, V-221 
decoder, 111-144 

directional-signals monitor, auto, 

III- 48 

optical direction discriminator. V- 
408 

thermally operated, IV-135 
radio-signal direction finder, IV- 
148-149 

direelion-of-roUiUon circuit, III-335 
directional-signals monitor, auto, III- 
48 

disco strobe light, 11-610 
discrete current booster, 11-30 
discrete sequence oscillator, III-421 
discriminators 

multiple-aperture, window', III-781 
pulse amplitude, 111-356 
pulse width, 11-22? 
window, III-776-781 
display circuits, 11-184-188,111-170- 
171, V-161-167, VI-188-195 
3/. digit DVM common anode, II- 
713 

60 dB dot mode. 11-252 
audio, LED bar peak program 
meter, 11-254 

bar-graph indicator, ac signals, 11- 
187 

bar-graph level gauge, VI-192 
bar graph room temperature, VI- 
641 

BCD decoder/driver, multiplexed. 
VI-189 

brightness control, III-316 
cascaded counter/displav driver, V 
163 

color organ, VI-193 
color shifting LED display, VI-189 
common cathode, 4033-based, V- 
162 

common -anode, V-167 
comparator and, 11-105 
contrast and backlight control, 
high-efficiency, Vl-191 
exclamation point. 11-254 


expanded scale meter, dot or bar, 
11-186 

fluorescent tube, V-167 
gas-discharge tube, V-16? 

LCD 

7-segment, V-165 
contrast temperature 
compensator, VI-195 
large-size, V-164 
LED 

?-segment, V-166 
audio, peak program meter, 11-254 
bargraph driver, VI-195 
Christmas lights, VI-225 
common-cathode, V-167 
driver, 11-188 

leading-zero suppressed, V-165 
two-variable, I1I-171 
oscilloscope, eight-channel voltage. 
III-435 

stereo level display, VI-190 
voice level meter, VI-194 
dissolver, lamp, solid-state, III-304 
distribution circuits, 11-35 
distribution amplifiers 
audio, 1-39,11-39, V-59 
signal, 1-39 
ditherizer, VI-377 
dividers, IV-150-156 
binary chain, 1-258 
divide-by-2-or-3 circuit, IV-154 
divide-by-N 
1+ GHz, IV-155 
1.5+ divide-by-n, 1V-156 
CMOS programmable, 1-257 
7490-divided-by-n, IV-154 
divide-by-odd number, IV-153 
frequency dividers, 1-258,11-251, II- 
254, III-213-218, III-340, IiI-768, 

V- 343 

1.2 GHz, III-129 

10- MHz, III-126 
clock input, IV-151 
decade, 1-259 
divide-by-1.5, III-216 
low-cost, 111-124 
low-frequency, 11-253 
preamp, III-128 
programmable, IV-152-153 
staircase generator and, 1-730 
tachometer and, 1-310 

mathematical, one trim, III-326 
mulriplier/riivider, one-quadrant, 

VI- 318 

nuiltiplier/divider, variable analog, 
VI-322 

odd-number counter and, 111-217 
pulse, non-integer programmable. 

11- 5i i, rn-226 

Dolby noise reduction circuits, III- 
399, VI-421 
decode mode, 111-401 
encode mode, 111-400 
doorbells/chimes (see annuciulors) 
door-open alarm, 11-284,111-46,III- 
256 

door opener, HI-366 
door jH inder security circuit, V-5 
dot-expanded scale meter, 11-186 
double-sidebiuid supprcsscd-carrier 
modulator, 111-377 
rf, 11-366 
doublers 

Oto 1 MHz, 11-252 
150 to 300 MHz, 1-314 
audio-frequency doubler, IV-16-17 


749 



doublers, continued 
broadband frequency, 1-31-3 
CKO, oscilloscope, IQ-439 
crystal oscillator, 1-184 
EE PROM programming doubler 
circuit, VI-138 

frequency, 1-313,111-215, VI-369, VI- 
160 

broadband, 1-313 
digital, 111 - 21 6 
GASFET design, IV-324 
single-chip, 111-218 
low-frequency, 1-314 
voltage doublers, III-459, IV-G35 
cascaded. Cockcroft-Walton, 
IV-635 

triac-controlled, 111-468 
downbeat-emphasized metronome, 
III-353-354 

downconverter, ATV, VI-40-41, VI- 
44-45 

drivers and drive circuits, I-2G0, II- 
■ 189-193, III-172-175, IV-157-1G0, 
VI-196-202 
50 ohm, 1-262 

alarm driver, high-power, V-2 
bar-graph driver 
LED, II-188 
transistorized, IV-213 
BCD decoder/driver, multiplexed, 
VI-189 

B1FET cable, 1-264 
bridge loads, audio circuits, IQ-39 
cable driver, VI-678 
capacitive load, 1-263 
Christmas lights driver, IV-2G4 
coaxial cable, 1-266,1-560, VI-201 
five-transistor pulse boost, 11-191 
coil, current-limiting, III-173 
CRT deflection yoke, 1-265 
demodulator, linear variable 
differential transformer, 1-403 
diodc-cmitter driver, 11-292 
FET driver, IV-241 
fiberoptic, 50-Mb/s. Ill-178 
flash slave, 1-483 
glow-plug, 11-52 
liigh-impcdance meter. 1-265 
high-impcdance relay driver, VI-570 
indicator lamp driver, III-413 
instrumentation meter, 11-296 
lamp drivers, 1-380 
flip-flop independent design. 
1V-160 

low-frcquency flasher/relay, 1-300 
optical coupling, III-413 
neon lamps, 1-379 
short-circuit-proof, 11-310 
laser driver 
high speed, 1-263 
IC-based, VI-296 
op-amp circuit, VI-295 
pulsed double-heterostructure 
laser, VI-296 

single hctcrostructure diode. 
VI-290 

labelling relay driver, VI-571 
LED drivers 

bar graph, 11-188, VI-195 
emittcr/foEower, IV-159 
line drivers, 1-262 
50-olun transmission, 11-192 
600-olun balanced, 11-192 
audio, V-54 

impedance-matched with 75 
Ohm load, VI-197 


low-distortion composite 100mA, 
VI-200 

line-synchronized, III-174 
load drivers 
audio, III-35 

timing threshold, III-648 
LVDT demodulator and, 11-337, III- 
323-324 

meter drivers, 11-296 
rf amplifier, 1-MHz, III-545 
microprocessor triac array, 11-410 
MOSFET driver 
current booster, VI-368 
high-side, Vl-199 
motor drivers (sue motor control, 
drivers) 

multiplexer, high-speed line, 1-264 
neon lamp, T-379, VI-198 
op amp power driver, IV-158-159 
optoisolated, high-voltage, HI-482 
piezoelectric driver, V-440, VI-470 
555 oscillator, V-441 
CMOS, V-440 
micropositioner, V-440 
full rail excursions in, 11-190 
high-output 600-ohm, 11-193 
synchronized, III-174 
video amplifier, TII-710 
power driver, op amp, IV-158-159 
pulse echo driver, VI-380 
pulsed infrared diode emitter, II- 
292 

relay, 1-264 

delay and controls closure time, 
11-530 

low-frequency, 1-300 
with strobe, 1-266 
RIAA line amplifier/d river, VI-77 
rf drivers, low-distortion, II 538 
RS-232C, low-power, TIT-175 
shield/line driver, high speed, VI- 
198 

shift register, 1-418 
solenoid, 1-265, IQ-571-573, VI-202 
SSB, low-distortion 1.6 to 30 MHz, 
11-538 

stepping motor, 11-376, III-390, IV 
349, IV-350 

stereo line driver, VI-198 
test, driver for hobby servos, VI-197 
three-phase motor driver, II 383 
totem-pole, with bootstrapping, MI- 
175 

transformer driver, 1-403 
transistor relay driver, VI 571 
triac array driver, 11-410 
twisted-pair video tlriver/receiver 
circuit, Vl-682 

two-input, video MUX cable driver. 
VI-197 

two-phase motor driver, 1-456,11- 
382 

ultra low distortion 50-mA driver, 
V1-20J 

VGO driver, op-amp design, IV 362 
• video driver, VT-683 
video cable driver, VI-200 
drop-voltage recovery for long-line 
systems, IV-328 
drum sound effect., FI-591 
DTMF decoder, VT 169 
dual-tone decoding, 11-620 
dual-tracking regulator, 111-462 
duplex line amplifier, telephone, HI- 
616 

duty-cycle related circuits 


555 circuit, VI-446 
detector, IV-144 
meter, TV-275 
monitor, III-329 

multivibrator, 50-percent, 111-584 
oscillators, VI-438, Vl-446 
50-percent., 111-426 
variable, fixed-frequency, 111-422 
DVM adapter for PC, V-310 
dwell meters 
hreaker point, 1-102 
digital, 111-45 

E 

ear protector, V-482 
eavesdropper, telephone, wireless, 
HI-620 

ECG amplifiers with right leg drive, 
VI-354 

echo effect, analog delay line, 1V-21 
edge detector, 1-266, ill-157 
E EPROM pulse generator, 5V- 
powered, 111-99 

EKG simulator, three-chip, 111-350 
elapsed-time timer, 11-680 
electric-fence charger, 11-202 
electric-vehicle battery saver, 111-67 
electrolytic- capacitor reforming 
circuit, IV-276 

electromagnetic-field sensor, V-308 
electrometer, IV-277 
amplifier, overload protected, 11-155 
electroscope, VI-341 
ion-sensing, VI-287 
electrostatic detector, 111-337 
ELF monitor, VI-336 
emergency lights, 1-308,1-378,1V-250 
emissions analyzer, automotive 
exhaust, 11-51 
emitter follower circuit, 

coniplementary/bilateral ae, V- 

353 

emulators, 11-198-200 
capacitance multiplier, 11-200 
.IFET ac coupled integrator, 11-200 
resistor multiplier, 11-199 
simulated inductor, 11-199 
encoders 

decoder and, 111-14 
telephone handset tone dial, 1-634, 
111-613 

tone encoders, 1-67,1-629 
two wire, 11-364 
two tone, V-629 
enlarger timer, 11-446,111-445 
envelope detectors, 111-155 
AM signals, 1V-142 
full-wave, V-152 
low-level diodes, IV-141 
en ve 1 op e generator/n lodula Lor, 
musical, IV-22 

EPROM, Vpp generator for, 11-114 
equalizers, 1-671, IV-18 
octave equalizer, V-353 
ten-band, graphic, active filter in, II- 
684 

ten band, octave, ill-658 
video equalizers, Vl-681 
equipment-on reminder, 1-121 
error checker, master/slave device, 
VI-1389 

event counter, Vl-369 
exhaust emissions analyzer, 11-51 
exit delay for burglar alarms, V-10 
expaiided-seale meters 
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analog, III-774 
dot or bar, 11-18(5 
expander circuits (see 

compressor/expander circuits) 
experimenter’s power source, VI-507, 
VI-511 

extended-play circuit, tape- 
recorders, III-600 
extractor, square-wave pulse, HI- 
584 


555 timer circuits (see also timers) 
alarm based on 555 timer, V-i 1 
astable, low-duty cycle, II-2G7 
beep transformer, III-5GG 
dual flasher, VI-225 
duty cycle oscillator, VI-44G 
FM modulator, V-3G7 
integrator to multiply, II-6G9 
missing-pulse detector, V-152 
monostabie multivibrator, VI-700 
output indicator, LED, VI-2G0 
ramp generator, V-203 
RC audio oscillator from, II-5G7 
square wave generator using, 11-595 
fader circuits, 11-42,11-312, IV-17, V- 
658 

fail-safe semiconductor alarm, III-6 
fans 

infrared heat-controlled fan, IV-22G 
speed controller, automatic, III-382 
thermostatic switch, V-68 
Fahrenheit thermometer, I-G58 
fault monitor, single-supply, III-495 
fax circuits, V-I71-173 
modem/fax protector for two 
computers, V-482 
fax/telephone switch, remote- 
controlled, IV-,652-553 
feedback oscillator, I-G7 
fence chargers, 11-201-203 
battery-powered, 11-202 
electric, 11-202 
solid-state, 11-203 
FET circuits 

amplifier, offset gate bias, V-22 
crystal oscillators, VI-157 
dc controlled switch, V-592 
hexFET switch, V-592, V-593 
dual-trace scope switch, 11-432 
input amplifier, II-7 
microphone mixer, V-3G3, V-304 
preamp for phono cartridge, VI-79 
probe, m-501 
voltmeter. 111-765, III-770 
fiberoptics, 11-204-207, III-176-181, 
VI-206-207 
data receiver, VI-207 
data transmitter, VI-207 
driver, LED, 50-Mb/s, III-178 
interface for, 11-207 
LED lightwave communications 
receiver, VI-310 
LED lightwave communications 
transmitter, VI-309 
link, 1-268,1-269,1-270, HI-179 
motor control, dc, TI-206 
receivers 
10 MHz, 11-205 
50-Mb/s, III-181 
digital, III-178 
high-sensitivity, 1-270 
low-cost, 100-Mbaud rate, III-180 
low-sensitivity, 1-271 


very-high-sensitivity, low- 
speed, 3nW, 1-269 
repeater, 1-270 
speed control, 11-206 
transmitter, III-177 
field disturbance sensor/alarm, 11-507 
field-strength meters, 11-208-212, III- 
182-183, IV-164-166. V-174-176 
1.5-150 MHz. 1-275 
adjustable sensitivity indicator, I- 
274 

amplified field, V-175 
high-sensitivity, H-211 
LF or HF, 11-212 
microwave, low-cost., 1-273 
remote, V-175 
rf sniffer, II-210 
sensitive, 1-274, III-183 
signal-strength meter, IV-166 
simple design, three versions, V-176 
transmission indicator, 11-21 1 
tuned, 1-276 
TJHF fields, IV-165 
untuned, 1-276 

filter circuits, H-213-224, III-184-192, 

IV-167-177, V-177-191, VT-208- 
222 

active (sen active filters) 
analog, programmable, VI-215 
antialiasing/sync-compensation, TV- 
173 

audio filters 

biquad, 1-292-293,111-185 
tunable, IV-169 
audio range filter, V-190 
bandpass (see bandpass filters) 
bandpass amplifier, VI-54 
band-reject, active, 11-401 
biquari, 1-292-293 
audio, 1-292-293, TIT-186 
RC active bandpass, 1-285, V-190 
bridge filter, twin-T, programmable, 
IT-221 

But.terwort.h 
active, VI-220 
fourth-order, 1-kHz, VI-222 
high-pass, fourth-order, 1-280, 

V-179 

low-pass, fourth-order, V-180, 
V-lfil 

Chehyshev (see Chebyshev filters) 
comb filter, digital, VI-218 
combination filter, VI-212 
CW filter, 11-219, VT-29, VI-405 
dynamic, filter, III-190 
four-output filter, V-T82 
full wave rectifier and averaging, I- 
229, V-191 

high pass (see high-pass filters) 
high pass amplifier, Vl-49 
IF filters 

narrow-band, V-189 
shortwave receiver, VI-212 
L filters, V-181 

low-pass (see low-pass filters) 
lowpass amplifier, Vl-49 
LF’ filter, active, VI-215 
networks of, 1-291 
noise, dynamic, 111-190 
noisy signals, 111-188 
notch filters, 1-283,11-397-403,111- 
402-404 
4.5 MHz, 1-282 
550 Hz, 11-399 
1800 Hz, 11-398 
active band reject, 11-401 


adjustable Q, 11-398, V-179 
audio, 11-400 
bandpass and, IT-223 
high-Q, HI-404, V-178, VI-213, 

VI-217, VT-220 
RC, VI-221 

selectable handwidt.h, 1-281 
three-amplifier design, 1-281 
tunable, 11-399, H-402, V-179 
passive-bridged differentiator, 
11-403 

hum-suppressing, 1-280 
op amp, 11-400 

twin T notch for 1 kHz, V-183 
twin-T, IH-403 
shortwave receivers, V-185 
Wien hridge, H-402 
passive I. filters, V-181 
passive PI filters, V-181 
passive T filters, V-190 
Pi filters, V-181 

PIN diode filter selection circuits, 
VI-213 

programmable, twin-T bridge, 11-221 
rejection, 1-283 

ripple suppressor, IV-175, fV-396 
nimble, III-192, III 660,1V-175 
LM387 in, 1-297 
turntable, IV-170 
nimble/scratch, III-660 
Sallen-Kev filters 
10 kHz, 1-279 
500 Hz bandpass, 1-291 
current-driven, V-189 
high-pass, Vl-209 
low-pass, active, TV-177, Vl-221 
low-pass, equal component, 

1-292 

saw- filt er i mpedanee-matching 
preamp, VI-222 

scratch filters, 111-189,111-660, IV- 
175 

LM287 in, 1-297 

second-order voltage-controlled, 
VT-211 

shortwave. AM broadcast trap, XT- 
214 

shortwave interference trap, VT-214 
simulated inductor, V-180 
speech filters 

bandpass, 300 Hz 3 kHz, 1-295 
second-order, 300.-to-3,400 Hz, 

IV-174 

two-section, 300-to-3,000 Hz, 

IV-174 

speech-range filter, bandpass, V- 
185 

state-variable filters, 11-215, Hi-189. 
Vl-209, VI-216 
multiple outputs, 111-190 
second-order, 1 kHz, Q/10,1-293 
universal, 1-290 
T filters, V-190 
tone filter, V-l kHz, V-191 
turbo, glitch free, 111-186 
twin-T bridge filter, 11-221 
Wien-bridge, 111-659 
variable Q filter, V-183 
variable-frequency bandpass filter. 

V- 186 

variable-state, universal, V-178 
voltage-controlled filters, III-187, 

IV-176, VI-211 

VSB filler for LM 2880, VI-219 
First-Response game, VI-247, VI-250, 

VI- 262, VI-253 
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fish lure, electronic, Vl-386 
fixed power supplies, 111-457-477, IV- 
390-408 

12-VDC battery-operated 130-VAC, 

III- 404 

+24 V, 1.5 A supply from +12 V 
source. IV 401 
± 35 V ac, IV-398 
± 3f> V, 5 A, mobile, 1V-407 
15 V isolated to 2,500 V supply, IV- 
407 

ac motors, IV-395 
automotive battery supply, ±15 V 
and 5 V, 1V-391 
■ auxiliary supply, IV-394 
bias/referenee applications, 
auxiliary negative dc supply, IV- 
404 

bilateral current source, III-4G9 
bridge rectifier, 1V-398 
charge pool, III-469 
charge pump, regulated, IV-396 
constant-current source, safe, HI- 
472 

converter, 111-470 
5V-to-isolated 5V at 20MA, III-474 
ac-to-dc, IV-395 
dc-to-dc, 3-to-15 V, IV-400 
current sink, 1 mA, IV-402 
current sources, IV-399, IV-405, IV 
406 

dc adapter/transceiver, hand-held, 

HI-461 

dual-tracking regulator, 111-462 
GASFET power supply, IV-405 
general-purpose, 111-465 
inverter, 12 V input, IV-395 
isolated feedback, 111-460 
LCD display power supply, 1V-392, 
TV-403 

linear regulator, low-cost, low- 
dropout, 111-459 
low-current source, IV-399 
low-power inverter, 111-466 
negative rail, GET, with CMOS 
gates, IV-408 

negative supply from +12 V source, 

IV- 401 

negative voltage from positive 
supply, IV-397 
output stabilizer, IV-393 
portable-radio 3 V power supply, 
IV-397 

positive and negative voltage power 
supplies, IV-402 
pup regulator, zener increases 
voltage output, 11-484 
prograiiuuable, III-467 
reotiliers, 111-471,1V-398 
regulated supplies, HI-462,111-463, 
IV-401 

ripple suppressor, IV-396 
RTTY machine current supply, IV- 
400 

stabilizer, CMOS diode network, IV- 
406 

switching supplies, 111-458, III-473, 
TV-403, IV-404, IV-408 
three-rail, 111-466 
uninterruptible +5V, III-477 
voltage doubler, HI-459, III-468 
voltage regulators (see voltage 
regulators) 

voltage-controlled current source/ 
grounded sourcc/load, HI-468 
fixed-frequency generator, HI-231 


flame ignitor. 111-362 
flame monitor, III-313 
flasli/flashbulb circuits (sue 

photography-related circuits) 
flashers and blinkers (sue also light- 
controlled circuits; photography- 
related circuits). 1-304,11-225, ' 

III- 193-210. IV-178-183, V-192- 
197, VI-223-227 

l. 5 V, minimum power, 1-308 

1 kW flip-flop. 11-234 
1A lamp, 1-306 

2 kW, photoelectric control in. IT- 
232 

3V. 1-306 

ac, III-196 

alternating, 1-307.11-227 
astahle multivibrator, 111-196 
auto, f-299 

automatic safety, 1-302 
automotive turn signal, sequential, 
1-109 

bar display with alarm, 1-252 
barricade, 1-299 
boat, 1-299 

brake liglit flasher, V-69 
Christinas tree light flasher. V-197, 

V-264-265 
CMOS, 111-199 

de, adjustable or/off timer, 1-305 
dual flasher for 555 circuits, VI-225 
dual LED CMOS, 1-302 
electronic, 11-228 
emergency lantern, 1-308 
fasl-action, 1-306 
flash light, 60-W, III-200 
flicker light, JV-1&3 
flip-flop, 1-299 
four-parallel LED, 1-307 
headlight flasher, V-73 
high-efficiency parallel circuit, 1-308 
high-voltage, safe, 1-307 
high-power battery operated, H-J229 
incandescent bulb, 1-306, 111-198 
lamp pulser, VI-227 
LED flashers. IV-181, V-195, V-196 
2-to 10-LED, V-196. VI-226, 

VI-227 

alternating, IH-198, IH-200 
Christmas tree lights, V-197, 
VI-225 

control circuit, IV-183 
dark-activated, V-195 
driver, V-194 
light-switched, VI-301 
multivibrator design, IV-182 
pulser. VI-226 
PUT used in, 11-239 
ring-around, III-194 
sequential, reversible-direction. 

IV- 182 

strobe, VI-224 
three-year, HI-194 
UJT used in, 11-231 
low-current consumption, 11-231 
low-voltage, 1-305,11-226 
miniature transistorized, 11-227 
minimum-component, TTI-201 
model railroad crossing flasher, VI- 
395 

motorcycle brake light flasher. VI- 
12 

neon flashers, 1-303, VI 225 
five-lamp, IH-198 
two-state oscillator, 111-200 
tube, 1-304 


oseillalor/flashers 
high-drive, 11-235 
low-frequency, 11-234 
photographic flashes 
slave-flash trigger, SCR design, 
IV-380,1V-382 

time-delay flash trigger, FV-380 
relay driver, low-frequency lamp, I- 
300 

running lights, V-269 
SCR flashers, 11-230, III-197 
chaser, 111-197 
relaxation, 11-230 
ring counter, 111-195 
sequencer, V-263, V-264-265 
sequential, 11-233,11-238, IV-181, V- 
193 

pseudorandom simulated, rV-179 
signal alarm, V-197 
single-lamp, III-196 
strobe alarm, IV-180 
telephone, 11-629, IV-556,1V-558, 
IV-559, IV-561 

transistorized, 1-303,11-236, IH-200 
variable, 1-308 
xenon light, IV-180 
flashlight, rechargeable LED light, VI- 
107 

flashlight finder, 1-300 
flex switch, alarm sounder circuit, V- 
15 

flip-flops (see bistable multivibrators) 
flood alarm, 1-390,111-206, IV-188 
flow-detectors, 11-240-242,111-202- 
203 

air, H-242 

liquids, 11-248,111-202-203 
low-rale thermal, HI-203 
thermally based anemometer, II- 
241 

fluid and moisture detectors, 1-388,I- 

390.1- 442,11-243-248.111-204- 
210,1V-184-191, V-37-3-375 

acid rain monitor, 11-245, V-371 
alarm, water-activated, V-374 
checker, 111-209 
control, 1-388, III-206 
cryogenic fluid-level sensor, 1-386 
dual, ill-207 

flood alarm, III-206, IV-188, V-374 
Ilow-of liquid. 11-248, III-202-203 
full-bathtub indicator. IV-187 
full-cup detector for the blind. IV- 
189 

humidity, 11-285-287, III-26G-267, 
VI-255-257 
hydrophone. VI-378 
indicator, 11-244 

level of liquid, 1-107,1-235,1-387,1- 

388.1- 389,1-390,11-174,11-244. II- 
246, HI-205, III-206, III-207, 

III- 209, III-210, IV-186, IV-190, 

IV- 191 

moisture detector, 1-442, IV-188, V- 
375 

monilor, 111-210 

plant water, 11-245,11-248, IH-208 
pump controller, single-chip, II- 
247 

rain alarm, 11-244, IV-189 
sensor and control, 11-246 
soil moisture, 11-245,11-248, III-208 
temperature monitor, 11-643, IH- 
206 

water-leak alarm, IV-190 
windshield-washer level, 1-107 
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fluorescent lamps 
high voltage power supplies, cold- 
cathode design, TV-411 
inverter, 8-W,-111-306 
vacuum, fluorescent display, Tl-185 
flyback converters, 1-211 
self oscillating, 1-170,11-128, III-748 
voltage, high-efficiency, III-744 
flyback power supply, VI-531 
flyhack regulator, off-line, 11-481 
FM-relat.ed circuits (see also radio/ 
rf circuits) 

5 V, 1-233 
12 V, 1-233 

antenna booster, tunable, VI 65 
antenna for automobile radio, VI- 
64-65 

bug, VI-662 

cluck radio, AM/FM, 1-543 
decoder, VI-170 

demodulators, 1-544,11-159,11-161, 
V-151 

FM-modulaled oscillator, Vl-449 
FM/AM receiver, Vl-541 
higii frequency oscillator, Vi-456 
IF amplifier with quadrature 
detector, TV sound IF, 1-690 
infrared FM audio reception, VI-268 
generators, low-frequency, 111-228 
modulators, V-366 
555-based circuit, V-367 
NU FM audio amplifier, Vl-74 
radio, 1-645 
receivers 

27.145 MHz, V-495 
carrier-current circuit, III-80 
light-beam, V-25U 
MPX/SCA receiver, III-530 
narrow-band, III-532 
optical receiver/transmitter, 50 
kHz, 1-361 

zero center indicator. 1-338 
SCA subcarrier adapter, V-536 
scanner noise squelch, VI-570 
snooper, III-680 

speakers, remote, carrier-current 
system, 1-140 

squelch circuit for AM, 1-547 
stereo demodulation system, 1-544 
transmitters, 1-681. V-641 
27.125-MHz NBFM, V-637 
49-MHz, V-G43 

infrared, voice-modulated pulse, 

IV-228 

light-beam, V-259 
multiplex, ill-688 
one-transistor, HT-687 
optical, 1-367,11-417 
optical receiver/transmitter, 

50 kHz, 1-361 
- radio, V-648 
snooper, III-680 
stereo, V-575, V-580, Vl-662 
voice, III-678 
tuner, 1-231, III-529 
wireless microphone. 111-682, HI- 
685, III-691 

FM/AM clock radio, 1-543 
fog-light controller, automotive, TV-59 
folriback current, HV regulator 
limiting, 11-478 
followers. 111 - 211-212 
inverting, high-frequency, HI-212 
noninverting, High-frequency, HI- 
212 

source, photodiode, 111-419 


unity gain, 1-27 
voltage, ni -212 

forward-current booster, 111-17 
free-running multivibrators, 11-485 
100 kHz, 1-465 

program mabl e - frequency, TIT ■ 235 
free-running oscillators, 1-531 
square wave, 1-615 
freezer, voltage, III-763 
freezer-meltdown alarm, 1-13 
frequency comparators, H-l 09, III-88 
LED, II-110 
VCO and input, VI-353 
frequency control, telephone, 11-623 
frequency converter, 1-159 
frequency counters, 111-340,111-768. 

IV- 300, V-129-133, VI-360 
1.2 GHz, JII-129 

2 MHz, V-130-131 
10-Milz, 111-126, V-132-133 
100 MHz, period and, 11-136 
low-cost, 111-124 
preamp, 111-128, V-24 
precision, 1-253 
tachometer and, 1-310 
frequency detectors, tl-177, ill-158, 
VI-180 

beat indicator, 1-336 
boundary detector, 111-156 
comparator, 111-88 
digital, 111-158 

limit, frequency limit, 11-177 
window, frequency window, 111-777 
frequency dividers, 1-258,11-251, II- 
254,111-213-218,111-340, III-768, 

V- 343 

1.2 GHz. 111-129 
10-MHz, 111-126 

10-MHz frequency standard, VI-341 
clock input, 1V-151 
decade, 1-259 
divide-by-1.5, III-216 
low-cost, HI-124 
low-frequency, 11-253 
preamp, III-128 
programmable, IV-152-153 
staircase generator and, 1-730 
tachometer and, 1-310 
frequency-division multiplex stereo 
decoder, H-l 69 

frequency doublers, 1-313.111-215, VI- 
309 

broadband, 1-313 
digital, HI-216 
GASFET design, IV-324 
low-frequency, 1-314 
single-chip, III-218 
to 1 MHz, 11-252 
frequency generators, fixed- 
frequency, m-23i 
frequency indicator, beat, 1-336 
frequency inverter, III-297 
frequency meters, 1-310, H-249-250, 
IV-282, IV-301, VT-335 
analog, V-307 

audio-frequency meter, V-305, V-320 

audio, 1-311 

linear, 1-310 

low-cost, 11-250 

power, 11-250 

frequency multipliers, 11-251,111-213- 
218, V-198-199, Vl-388 
counter, odd-number, 111-217 
doublers, 1-313, HI-215 
broadband, 1-313 

digital, 111-216 


GASFET design, IV-324 
single-chip, 111-218 
low-frequency, 1-314 
to 1 MH/., 11-252 
pulse-width, III-214 
tripler, nonselective, 11-252 
frequency-boundary detector, 111-156 
frequency oscillator, tunable, 11-425 
frequency probe, VI-524 
frequency-ratio monitoring circuit, 
JV-202 

frequency shift, key (FSK) 
communications 
data receiver, 111-533 
decoder, 10.8 MHz, 1-214 
generator, low-cost design, 111-227 
keying circuits, iV-245 
frequency standard, Vl-10-Mllz, VI- 
361 

frequency synthesizer, programmable 
voltage controlled, 11-265 
frequeiiey-lo-voltage converter, I- 

318.11- 255-257, HI-219-220, VI- 
231-233 

dc, 10 kHz, 1-316 • 
digital meter, 1-317 
optoeoupler input, 1V-193 
saiuple-and-hold circuit, 1V-194 
single-supply design, IV-195 
zeucr regulated, 1-317 
fuel gauge, automotive, IV-46 
full-wave rectifiers, IV-328, IV-650 
absolute value, 11-528 
averaging filter, V-191 
op ainp circuit, V-403 
precision, 1-234,111-537 
silicon-controlled (SCR), 1-375 
function generators (see also burst 
generators; sound generators; 
waveform generators), 1-729, II- 
271,111-221-242, III-258-274. IV- 
196-202, V-200-207, V-309, 

VI-234-243 

555 astable, low-duty cycle, 11-267 
acoustic field generator. V-338-341, 
V-338 

AM broadcast-band signal 
generator, IV-302 
AM/IF signal generator, 455 kHz,* 
IV-301 

astable multivibrators, 11-269, II- 

510.11- 597, III-196, III-224, IH- 
233, III-237, III-238 

audio function generator, rV-197 
audio-frequency' generator. V-416- 
417, V-416 

bistable multivibrators, 1-133,1-299, 
1-395,11-367,11-465, III-103, IV- 
108, IV-651 

histable muitivibrat.ors, 1-133,11-465 
capacitance multiplier, V-205 
clock generator/oscillat.or, 1-193,I 
615 

complementary signals, XOR gate, 

III- 226 

DAC controlled, 1-722 
debouncer, IV-108 
emitter-coupled RC oscillator, IT- 
266 

fixed-frequency, 111-231 
flasher, 1-299,11-234 
FM, low-frequency, 111-228 
free-running multivibrator, 
programmable-frequency, II1-235 
frequency-ratio monitoring circuit, 

IV- 202 
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function generators, continued 
frequency synthesizer, 
programmable voltage controlled, 

II- 265 

FSK, low-cost, rn-227 
harmonic generators, 1-24, III-228. 
IV-649 

high-frequency, 11-150 
inverter, III-103 
lamp driver, IV-160 
line/bar generator, video, V-662 
linear ramp, 11-270 
linear triangle/square wave VGO, 11 - 
203 

logarithmic 
dynamic-range, V-201 
fast, acting, V-202 
monostable multivibrators, 1-465, 

III- 229,111-230, III-235, 111-237 
input lockout, 1-464 
linear-ramp, 111-237 
photocell, monostable, 11-329 
positive-triggered, 111-229 

TTIi, monostable operation, 1-464 
1 LIT, monostable operation, 1-463 
video amplifier and comparator, 

11-268 

multiplying pulse width circuit, 11- 
264 

multivibrators 
low-frequency, III-237 
single-supply, lil-232 
nonlinear potentiometer outputs, 

IV- 198 

one-shots, 1-465, Vl-419 
digitally controlled, 1-720 
precision, 111-222 
retriggerable, 111-238 
oscillator/amplilier, wide frequency 
range, 11-262 

pattern generalor/polar-lo-rect. 

converter, V-288 
polynomial generator, V-287 
potentiometer-posilion V/F 
converter, IV-200 
precise wave, 11-274 
programmed, 1-724 
pseudo-random bit sequence 
generator, V-351 
pulse generators, 11-508-511 
2-ohm. 111-231 
300-V, 111-521 
555-circuil, 1V-439 
astable multivibrator, 11-510 
clock, 60 Hz, 11-102 
CMOS short-pulse, III-523 
delayed-pulse, 11-509, IV-440 
divider, programmable, 11-511, 

111-226 

EE PROM, 5V-powered, III-99 
free running, IV-438 
interrupting pulse-generation, 
1-357 

logic, III-520 
logic troubleshooting 
applications, IV^436 
prograirunable, 1-529 
sawtooth-wave generator and, 
III-241 

single, 11-175 
train, pulse train, IV-202 
transistorized, IV-437 
two-phase pulse, 1-532 
unijunction transistor design, 

1-530 

very low-duty-cycle, IH-521 


voltage-controller and. 111-524 
wide-ranging, III-522 
quad op amp, four simultaneous 
synchronized waveform, 11-259 
ramp generators, 1-540,11-521-523, 
IU-525-527, IV-443-447 
555 based, V-203 
accurate, 111-526 
integrator, initial condition 
reset, 111-527 
linear, 11-270 

variable reset level, 11-267 
voltage-controlled, 11-523 
rf oscillator, V-530-531 
root extractor, V-207, V-288 
K.S flip-flop, 1-395 
sawtooth generators, V-491 
linear, V-205 
triggered, V-204 
sawtooth and pulse, 111-241 
Sclunilt trigger, transistorized, V-204 
SCR, 11-367 

self-relriggering timed-on 
generator, V-343 
signal generators, V-204 
AM broadcast band, IV-302 
AM/IF, 455 kHz, IY-301 
high-frequency, 11-150 
square-wave, III-583-585 
staircase, 111-586-588 
two-function, III-234 
sine-wave generators, IV-505, IV- 
506, V-542, V-543, V-544 
60 Hz, IV-507 
audio, 11-564 
battery power, V-541 
LC, IV-507 
LF, IV-512 

oscillator, audio, 111-559 
square-wave and. tunable 
oscillator, 111-232 
VLF audio tone. 1V-508 
sine/cosine (0.1-10 kHz), 11-260 
sine/square wave oscillators, 1-65 
TTL design, IV-512 
tunable, 1-65, III-232 
single control, 111-238 
single supply, 11-273 
square-wave generators, 11-594-600, 
III-225, III-239.111-242, ni-583- 
585.1V-529-536, V-568-570 

1 kHz, IV-536 

2 MHz using two TTL gates, 11-598 
555 timer, 11-595 

astable circuit, 1V-534 
astable multivibrator, 11-597 
CMOS 555 astable, true rail-to- 
rail, 11-596 

duty-cycle multivibrator, 111- 
50-percent, 111-584 
four-decade design, 1V-535 
high-current, oscillator, 111-585 
line frequency, 11-599 
low-frequency TTL. oscillator, 
n-595 

miiltiburst generator, 11-88 
multivibrator, IV-536 
oscillators, 1-6)2-614,1-616, 

IT-596, II-597,11-616, IV-532, 

IV 533 

phase-tracking, three-phase, 11-598 
pulse extractor, 111-584 
quadrature-outputs oscillator, 
111-585 

sine-wave and, tunable 
oscillator, 111-232 


three-phase, 11-600 
tone-burst, generator, single. 

timer IC, 11-89 
triangle-wave and, III-239 
precision, III-242 
programmable, HI-225 
wide-range, III-242 
TTL, LSTTL, CMOS designs, 

IV-530-532 

variable duty-cycle, TV-533 
variable-frequency, IV-535 
SR flip-flop, IV-651 
stable function generator, VI-242 
staircase generators, 1-730,11-601- 
602, III-586-588, IV-443-447 
sweep generators. 1-472,111-438, Vi- 
238-241 
timehase 

1 Hz, readout, and counter 
applications, 1V-201 
oscilloscopes, V-425 
time-delay generator, i-217-218 
tone burst generator, repeater, V-629 
triangle-wave, 111-234, V-203, V-205 
clock-driven, V-206 
square wave, 111-225,111-239, 
III-242 

timer, linear, III 222 
triangle/square wave generator, V- 
206 

tunable,-wirJe-range, 111-241 
two-function, III-234 
II.IT monostable circuit insensitive 
to changing bias voltage, 11-268 
variable duty cycle timer output, 
HI-240 

voltage controlled liigh-spced one 
shot, 11-266 

waveform (see waveform 
generators) 

white noise generator, IV-201 
wide-range funelion generator, VI- 
243 

funk box, 11-593 

furnace exhaust gas/smokc detector, 
temp monitor/low-supply detection. 
ITT 248 

furnace fuel miser, V-328-329 
fuses 

battery-cliargcr relay fuse, V-88 
electronic, V-477 
monitor for ear fuses, V-77 
relay fuse, V-478 
fuzz box, 111-575 
fuzz sound effect, 11-590 

G 

GaAsT’ET circuits 

amplifier, power, with single supply, 
11-10 

fixed power supplies, IV-405 
gain control circuits 
amplilicr, stereo, gain-controlled, II- 
9,111-34 

automatic audio gain control, TI-17 
automatic gain control (AGC), 11-17 
AGO system for CA3028 IF amp, 
1V-458 

rf amplifier, wideband adjustable, 
III-545 

squelch control, III-33 
wide-band amplifier, III-15 
gain block, video, III-712 
galvanometer, sine/cosine generator, 
Vl-700 
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game feeder controller, 11-360 
game roller, 1-326 
games, 11-275-277, III-243-245, IV- 
203-207, V-208-211, VI-244-254 
coin flipper, III-244 
coin toss game, Vl-250 
craps game, VI-245 
electronic dice, III-245, IV-207 
electronic roulette. 11-276, IV-205 
First-Response Monitor, VI-247, VI- 
250, VI-252, VI-253 
fish lure, electronic, VI-386 
Jacob’s Ladder, VI-389 
lie detector, 11-277, IV-206 
model car derby winner indicator, 
VI-259 

one-arm bandit game, VI-251 
quiz master, V-210 
reaction timer, IV-204 
ring launcher, electromagnetic, V- 
209 

roulette, 11-276, IV-205 
run-down clock/sound generator, 

IV- 205 

slot machine, V-211 
Twenty-One game, VI-246 
Wheel-of-Fortune, IV-206, VI-254 
who's first, 111-244 
Z-Dice game, VI-248-249 
garage stop light, 11-53 
gas detectors (see also smoke alarms 
and detectors), 1-332,11-278-279, 

III-246-253, V-212-214 
analyzer and,.11-281 
combustible gas detector, V-214 
explosive gas detector, V-213 
furnace exhaust, temp monitor/low- 
supply detection, III-248 
methane concentration, linearized 
output, 111-250 
toxic, 11-280 
SCR, 111-251 

smoke/gas/vapor detector, 111-250 
gate dip oscillator, VT-344, VI-346 
gated oscillator, last-cycle 
completing, III-427 
gated-pulse deseramhler, 11-165 
gates, V-215-216 
AND, 1-395, V-216 
OR, 1-395 

programmable, 1-394 
sync gating circuit, V-595 
XOR gate, IV-107 

Geiger counters, 1-536-537, V-217- 
219, VI-531 

high-voltage supply, 11-489 
pocket-sized, 11-514 
gel cell charger, 11-66 
generators, electric-power 
corona-wind generator, IV-633 
de generator, V-443 
Itigh-voltage generators, IV-413 
ion generator, V-248-249 
battery-powered, 111-482 
capacitor-discharge, III-485 
de voltage, III-481 
negative-ions, 1V-634 
regulator for automobile generator, 

V- 76 

ullra-1 ugh-voltages, 11-488 
generators (see function generators; 
sound generators; wavefonn 
generators) 

glilch-dclector, comparator, 11-107 
glow-plug driver, 11-52 
gong, electronic, V-563 


graphic equalizer, ten-band, active 
filter in, II-G84 

grid-dip meters, 1-247, H-182-183 
bandswitched, IV-29S 
basic grid, 1-247, IV-298 
dual gate IGFET, 1-246 
little dipper, 11-183 
varicap tuned FET, 1-246 
grid-leak detector, VI-179 
grounding 

ground loop preventer, VI-3 90 
tester, 11-345 

ground-fault Hall detector, 1V-208- 
209 

ground-noise probe, battery- 
powered, III-500 
pseudoground, VI-431 
guitars 

compressor, sound-effect circuit, 

IV-519 

matching audio signal amplifiers, 
IV-38 

mixer, low-noise, four-channel, V- 
3G0-3G1 

treble boost for, 11-683 
tuner, 11-362 

gun, laser, visible red and continuous, 

III-310 


H 

half-duplex information transmission 
link, III-679 

half-flash analog-to-digital 
converters, III-26 

half-wave ac phase controlled circuit, 
1-377 

half-wave rectifiers, 1-230, III-528, TV- 
325 

fast, 1-228 

Hall-effect, circuits, H-282-284, TIT- 
254-258, V-220-222 
angle of rotation detector, 11-283 
compass, III-258 
compass, talking, V-221 
current monitor, HI-255, IV-284 
door open alarm, H-284 
ground-fault detector, IV-208-209 
oscillators, V-222 
security door-ajar alarm, 111-256 
switches using, HI-257, IV-539 
halogen lamps 
dimmer for, III-300 
protector, V-271 
handitalkles, 1-19 
two-meter preamplifier for, 1-19 
hands-free telephone, 111-605 
hands-off intercom, 111-291 
handset encoder, telephone, 111-613 
harmonic distortion 
analyzer, V-291, Vl-357 
meter, V-312 

harmonic generators. 1-24,111-228, IV- 
649 

Hartley oscillator, 1-571, V-140, VI- 
45.3, Vl-459 

HC-based oscillators, 111-423 
I ICU/llTC-based oscillator, lil-426 
headliglits (see automotive circuits, 
headlights) 
headphones 
amplifier for, 11-43 
ear protector circuit, V-482 
infrared (IR) receiver, V-227, VI-269 
infrared (IR) transmitter, V-227, VI- 
263 


signal amplifier, V-53, V-57 
heart rate monitor, H-348,11-349, V- 
342 

heat-activated alarm, V-9 
heat sniffer, electronic, III-627 
heaters/heater controls (see also 
temperature-related circuits), I- 
639 

element controller, 11-042 
induction heater, ultrasonic, 120 - 
kHz 500-W, III-704 
protector circuit., servo-sensed, HI- 
624 

temperature sensitive, 1-040 
hee-haw siren, 11-578, III-565 
hexFET switch, V-592 
dual-control, V-593 
hi-fi circuits (see stereo circuits) 
high-pass filters, 1-296, VT-210, VT-221 
active, 1-296, V-180, V-188, VI-213 
fourth-order, V-188 
second-order, 1-297 
amplifier, VI-49 

Butterworth, fourt.h-orrier, 1-280, V- 
179 

Chehyshev, fourth-order, III-191 
equal components second-order, V- 
188 

fourth-order, 100-Hz, IV-174 
Sallen Key, VT-209 
second-order, 100-Hz, IV-175 
sixth-order elliptical, III-191 
unity-gain second-order, V-187 
variable, V-186 
wideband two-pole, 11-215 
high-voltage power supplies (see also 
generators, electrical power; 
power supplies), 11-487-490,111- 
486, IV-409-413, V-442-447, VI- 
499-505 

9- to 15-Vdc input, V-456 
-100-Vdc supply, VI-502 
12-V supply for lluorescent lamp, 

Vl-500 

10,000 V clc supply, IV-633 
ac operated He-Ne laser power 
supply, VI-502 

arc-jet power supply, starting 
circuit, III 479 
basic circuit, V-446 
battery-powered generator, 111-482 
bucking regulator, 111-481 
control circuit, Vl-501 
dc generator, 111-481, V-443 
de supply, 120-240 Vdc, single-chip 
circuit, V-446 

fluorescent-lump supply, V-444 
cold-cathodc design, IV-411, 

V-447 

Geiger counter supply, 11-489 
generators (see generators, 
electrical power) 
inverter, III-484 
40 W, 120 Vac, IV-410-411 
Kirlian device supply, Vl-504 
laser circuits, V-253 
negative supply, V-445 
negative-ion generator, IV-634 
night-vision scope power supply, 

VI-501 

optoisolated driver, III-482 
photomultiplier supply, V-444, V-445 
preregulated, HI-480 
pulse supply, IV-412 
pulse-width modulated laser 
supply, VI-505 


755 



high-voltage power supplies 
continued 
regulators, 111-485 
foidhaok-ourrent limiting, II 478 
solid-state, remote adjustable, 111-486 
strobe power supply, IV-413 
tripler, VI-504 

tube amplifier, high-volt isolation, 

IV-426 

ultra high-voltage generator, 11-488 
voltage regulators, VI-500, VI-503, 
VT-505 

hobby circuits (son model and hobby 
• circuits) 

hold button, telephone, 1 - 612 ,11-628 
home security systems (see alarms; 
annuciators) 

horizontal deflection circuit., VI-882 
horn, automobile, 111-50,1V-54 
hour/time delay sampling circuit, 11- 
668 

Howland current pump. 11-648 
hum reducer circuit, receivers, V-347 
humidity sensor, 11-285-287,111-266- 
267, VI-255-257 
hybrid power amplifier, 111-455 
hydrophone, VI-378 

I 

1C product detectors, IV-143 
1C timer, crystal-stabilized, 

subharmonic frequencies for, II- 

151 

ice fonnalioit alanu, 1-106,11-57,11-58 
1COM 1C-2A battery charger, 11-65 
IF amplifiers, 1-600, IV-459 
AGO system, IV-458 
preamp, IV-460 
receiver, IV-459 

quadrature detector, TV sound IF, 
1-690 

two-stage, 60 MHz, 1-563 
video IF amplifier/detector, Vl-678 
wideband, 1-689 

ignition circuits, automotive, V-64 
capacitor discharger, 1-103 
cut-off circuit, automotive, IV-63 
electronic. IV-65 
substitute ignition, HI-41 
timing light for ignition system, II- 
60 

ignitor, HI-362 

illumination stabilizer, machine 
vision, 11-306 
image canceller, III-358 
immobilizer, 11-50 
impedance checker, V-136 
impedance converter, high-to low, I- 
41 

impedance sensor, nanoampere, 100 
megohm input, 1-203 
indicators (see measurement/tesr 
circuits) 

in-use indicator, telephone, 11-629 
inductance meter/tester, V-316, VI- 
330, VI-358 

induction heater, ultrasonic, 120-kHz 
500-W, III-704 
inductors 
active, 1-417 
simulated, II-199, V-180 
infrared circuits (see also light 
controlled circuits: remote 
control devices), li-288-292, IH- 
271-277, IV-219-228, V-223-229, 
VI-261 271 


body-heat- detector, V1-266 
data link, 1-341 

detector, 11-289, ill-276, IV-224, V- 
225, VI-262, VI-266 
emitter drive, pulsed, 11-292 
fan controller, IV-226 
niter circuit, narrow-band, V-189 
headphone receiver, V-227 
headphone transmitter. V-227 
ion detector, VI-267 
IR pulse-to -audio converter, V-224 
laser light detector, Vl-293 
laser rifle, invisible pulsed, 11-291 
long-range object detector, 111-273 
loudspeaker link, remote, 1-343 
low-noise detector for, 11-289 
night-vision illuminator, Vl-265 
object detector, long-range, IH-273 
people-detector, IV-225 
preamplifier for IR photodiode, V- 
226 

proximity switch, inlrarcd- 
activated, 1V-345 

receivers, 1-342,11-292,111-274, IV- 
220-221, V-226, V-229, Vl-268 
audible-output, VI-271 
dala-link, low power, VI-265 
FM audio reception, VI-268 
light, Vl-294 

pulse frequency modulated, 

Vl-269 

single-lone, VI-264, VI-270 
stcady-lonc, VI-267 
wireless headphones, VI-269 
remote A/B switch, V-225 
remote controller, 1-342, IV-224, V- 
229 

remote-control analyzer, V-224 
remote-control tester, IV-228, V- 
228, V-229 

remote-extender, IV-227 
transmitters. 1-343,11-289,11-290, 

III-274, III-276. III-277, IV-226- 
227 

audio-modulated, VI-262 
digital, HI-275 

pulsed for on/off control, V-228 
remote-control, 1-342 
voice-modulated pulse FM, IV-228 
wireless headphones, VI-263 
TV remote control relay, VI-263 
wireless speaker system, HI-272, IV- 
222-223 
injectors 

t,hree-in-one set.: logic probe, signal 
tracer, injector, IV-429 
injector-tracers, 1-521,1-522, FI-500 
input selectors, audio, low-distortion, 
11-38 

input/ontput buffer, analog 
multiplexers, 111-11 
input/output circuits, NR602-based, 

V- 355 

instrumentation amplifiers. 1-346,1- 
348,1-349,1-352, 11-293-295, III- 
278-284, TV-229-234, V-233-235, 

VI- 272-277 

* 100 V common mode range, ill- 

294 

ac coupled, V'l-276 

current collector head amplifier. H- 

295 

differential, 1-347,1-354.111-283 
biomedical, 111-282 
high-gain, 1-353 
input, 1-354, Vl-275 
variable gain, 1-349 


extended common-mode design, 

IV- 234 

high inpul-impe dance, VI-275 
high-impcdancc low-drift, 1-355 
liigh-spccd, 1-354 
LM6218-bascd, high-speed, V-235 
LMC6062-based, V-234 
low-drift/low-noisc dc amplifier, IV- 
232 

low-signal level/1 ligh-iinpcdancc, I- 
350 

low-noise, Vl-276 
low-power, 111-284, VI-276 
meter driver, 11-296 
preamps 

oscilloscope, 1V-230-231 
thermocouple, 111-283 
precision FET input, 1-355 
programmable gain, VI-275 
saturated standard cell amplifier, II- 
296 

strain gauge, III-280 
triple op amp, 1-347 
ultra low-noise. VI-277 
uitra-precision, III-279 
variable gain, differential input, I- 
349, VI-274 

very high-impedance, 1-354 
wideband, III-281 

instrumentation meter driver, 11-296 
integrators, 11-297-300, III-285-286, 

V- 236-237, VI-278-279 
ac integrator, VI-279 
active, inverting buffer, 11-299 
bias-current compensated, VI-279 
JFET ac coupled, 11-200 
gamma ray pulse, 1-536 

long time, 11-300 
low-drift, 1-423 

noninverting, improved, 11-298 
photocurrenf, 11-326 
programmable reset, level, 111-286 
ramp generator, initial condition 
reset, III-527 
resettable, HI-286 

intercoms, 1-415,11-301-303, III-287- 
292, V-238-240, VI-376 
bidirectional, 111-290 
carrier current., 1-146 
hands-off, TIT-291 
party-line, 11-303 
pocket pager, 111-288 
telephone-intercoms. IV-657, V-239, 

V- 240 

two-way, 111-292 
two-wire design, IV-235-237 
voice-activated, one-way, V-239 
intercoms (see also telcplionc- 
related circuits), V-238 
interfaces (see also computer 

circuits), 1V-238-242, V-241-244, 

VI- 280-281 

680x, 6-50x, 8080 families, 111-98 
-amateur radio transceiver, relay 
interface, V-243 

audio/tefephone interface, V1-625 
audio-to-ADC interface, V-242 
casselte-to-teleplionc, 111-618 
CPU interface, one-shot design, IV- 
239 

DVM, temperature sensor and, II- 
647 

FET driver, low-level power FET, 
1V-241 

fiberoptic, 11-207 

keyboard matrix interface, IV-240 
logic-level translators. IV-242 
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iiiieroeompuler-lo-lriac interface. 
V-244 

optical sensor- to-TTL .111-314 
oplocouplers, V-406-407 
oploisolators, V-406-407 
preamp receiver interface, V-243 
process conLrol, 1-30, V-242 
RC receiver relay interface, VI-551 
remote-control transmitter 
interface, V-511 

resistive transducer interface, VI- 
281 

RS-232, computer-powered, VI-138- 
139 

RS-422 to RS-232 converter, VI-133 
tape recorder, 11-614 
telephone 

audio interface, V-612 
telephone-line interface, V-605 
timer/ac line interface, VI-281 
transmit keyer interface circuit, VI- 
31 

video interface with sync stripper, 

V- 059 

internipter, ground fault, 1-580 
interval timer, low-power, 

microprocessor programmable, 

11-678 

intruder-detector, .light beam 
activated, V 11 
preamp, V-13 

inverters, 111-293-298, V-245-247. VI- 
282-285 
250 wait, V-246 

analog switehed inverter, VI-604 
de-to-ue, V-247 
de-lo-dc/ac, 1-208 
digital, V-246 
fast, 1-422 

fixed power supplies, 12 V input, 

1V-395 

flip-flop, III-103 
fluorescent lamp, 8-W, TJI-306 
frequency inverter. II1-2D7 
liigh-voltage, 111-484 
40 W, 120 V ae, IV-410-411 
low-power, fixed power supplies, 
HI-466 

on/off switch, III-594 
picture, video circuits. III-722 
positive-to-negative dc/dc inverter. 

VI- 285 

power, III-298 

12 VDC-to-117 VAC at 60 Hz. 

III-294 

medium, III-296 
MOSFET. III-295, V-247 
rectifier/inverter, programmable op- 
amp design, IV-364 
signal source for audio 
amplifier/inverter, VI-702 
ultrasonic, arc welding. 20 kHz. III- 
700 

variable frequency, complementary 
output, III-297 
voltage, precision, 111-298 
inverting amplifiers, 1-41-42,111-14 
ac, high-gain, 1-92 
balancing circuit in, 1-33 
gain of 2, lag-lead compensation, 
UHF, I-56G 

low-power, digitally selectable gain, 

11-333 

power amplifier, 1-79 
programmable-gain, 111-505 
SCR inverter and trigger, VI-283 
sine-wave inverter, VI-285 


unity gain amplifier, 1-80 
vehicle audio amplifier inverter. VI- 
284 

wideband unity gain, 1-35 
ion detector. Vl-267, VI-533 
ion generator, V-248-249, VI-286-288 
isolated feedback power supply, III- 
460 

isolation amplifiers 
capacitive load, 1-34 
level shifter, 1-348 
medical telemetry-, 1-352 
rf, 11-547 

isolation and zero voltage switching 
logic. 11-415 

isolation transformer, V-349, V-470 
isolators 

analog data-signal transmission, IV- 
133 

digital transmission, 11-414 
stimulus, m-351 


Jacob's Ladder, VI-389 
JFET circuits 

ac coupled integrator, III-200 
amplifiers 

500-Mohm input impedance, V-23 
current source biasing, V-21 
chopper circuit, V-352 
headphone audio signal amplifiers, 

V-57 

oscillator, variable frequency, VI- 
449 

preamplifier, V-22 
source follower, V-20 
voltmeter, V-318 
jitter suppression. V-342 


K 

kaleidoscope, sonic, V-548-549 
Kelvin thermometer, 1-655 
zero adjust. III-661 
key illuminator, V-333 
keyer, electronic CW "bug" keyer, V- 
102 

keying circuits, IV-243-245 
AFSK generator, one-chip. VI-23 
automatic operation, 11-15 
automatic TTL Morse code, 1-26 
CW keyer, IV-244 
CW transmitter. VI-22-23 
electronic, 1-20 
frequency-shift keyer. IV-245 
negative key line keyer. IV-244 
FIT control from receiver audio, 
VI-28 

transnut keyer interface circuits, 

VI-31 

wireless RTS keyer with data. VI- 
136 

Kirlian device supply. VI-504 


lamp-control circuits (see lights/light- 
activated and controlled circuits) 
laser circuits (see also lights/light- 
activated and controlled circuits; 
optical circuits), 11-313-317, III- 
309-311. V-250-254, VI-289-296 
ac operated He-Ne laser power 
supply, VI-502 
dc supply, VI-295 
diode sensor. IV-321 


discharge current stabilizer, 11-316 
drivers 

lC-based, VI-296 
op-amp, VI-295 
pulsed doublc-hctcrostmcture 
laser, VI-296 

single hcleroslructure diode, 
VI-290 

gun, visible red, III-310 
handhold laser, V-252 
high-voltage supply for He-Ne laser, 
VI-291 

1R laser light detector, VI-293 
light detector, 11-314 
power supply, IV-636, V-251, V-254 
high-voltage, V-253 
with starter circuit, V-252 
pulse-width modulated laser 
supply, VI-505 

pulsers, laser diode, 1-4-16, III-311 
receiver, IV-3G8 
PLLIR, VI-294 

sound effect generator for laser 
pistol, VI-292 

rifle, invisible TR pulsed, fl-291 
simulated laser using LED, V-253 
transmitter, VI-292 
latches, V-356 
12-V, solenoid driver, HI-572 
comparator and, 111-88 
latching relays, dc, optically coupled, 
111-417 

latching switches 
double louchbuttoii, 1-138 
SCR-ropladng, 111-593 
LCD display 
7-scgmenl, V-165 

contrast temperature compensator, 
VI-195 

fixed-power supply, IV-392, IV-403 
large-size, V-164 

lead-acid batteries (see also battery- 
related circuits) 
battery chargers, HI-55 
life-extender and charger, IV-72 
low-battery detector, 111-56 
leading-edge delay, circuit, III-147 
LED circuits 
7-segment, V-166 
ac-power indicator, IV-214 
alternating flasher, 111-198, JII-200 
back-biased GaAs LED light sensor, 
11-321 

bar graph driver, 11-188, VI-195 
battery-charger test circuit, V-89 
blinker, lght-controlled, VI-301 
brightness, 1-250 

Christmas tree Ight flasher. V-197. 
Vl-225 

color shifting LED display, Vi-189 
common-cathode display, V-167 
driver, emitter/follower, IV-159 
flashers, V-195, V-196, VI-226, VI- 
227 

alternating, III-198, III-200 
Christmas tree Ights, V-197 
control circuit, IV-183 
dark-activated, V-195 
driver, V-194 

multivibrator desgn, IV-182 
PUT used in, 11-239 
ring-around; III-194 
sequential, reversible-direction, 

IV-182 

three-year. Ill-194 
UJT used in, 11-231 
frequency comparator, II-l 10 
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LED circuits continued 
light sensor, back-biased GaAsFET. 

II- 321 

leading-zero suppressed display, V- 
165 

matrix display, two-variable, III-171 
millivoltmeter readout, TV-294 
multiplexed common-cathode 
display ADC, 111-764 
output indicator for 555 circuits, VI- 
260 

panel meter, III-347 
peakmeter, 111-333 
pulser, VI-226 
receivers for lightwave 
communications, VI-310 
ring-around flasher, III-194 
RS-232C, computer circuit, 111-103 
simulated-laser circuit, V-253 
strobe, random, VT-224 
three-year flasher. III-194 
transmitter for lightwave 
communications, VI-309 
voltmeter, IV-280 
VU meter, IV-211 

level, electronic, 11-666, IV-329, VI-328 
level controllers/detectors (see also 
fluid and moisture), 11-174 
alarm, water, 1-389 
audio, automatic, 11-20 
audio (ALC), V-60-62 
cryogenic fluid, 1-386 
hysteresis in, 1-235 
level of liquid, 1-107, 1-235,1-387, 1- 
388,1-389,1-390, 11-174, 11-244, II- 
246, in-205, III-206, HI-207, 1-209, 

III- 210, IV-18G, IV-190, IV-191 
meter, LED bar/dot, 1-251 
peak, 1-402 

sound, 1-403 
three-step, 1-336 
visual, 111-269 
warning 

audio output, low. 1-391 
high-level, 1-387 ' 
level shifter, negative-to-positive 
supply, 1-394 

LF or HF field strength meter, 11-212 
LF receiver, IV-451 
he detector, 11-277, IV-206, V-255-256 
light-beam communication circuits, 
V-267-261 
receivers 

audio, visible-light, V-261 
FM light-beam, V-259 
modulated light, V-258 
voice-communication, V-260 
transmitters 

audio, visible-light,, V-261 
FM light-beam, V-259 
modulated light, V-258 
voice-communication, V-260 
light-controlled circuits (see also 
laser circuits; optical circuits), 11- 
304-312,11-318-331, lir-312-319, 
V-262-283, VI-297-312 
860 W limited-range light control, 1- 
376 

alarms, V-9, V-273 
dark-activated alarm, pulsed lone. 
V-13 

high-output, pulse-tone, V-14 
precision design, V-12 
. self-latch, tone output, V-15 
with hysteresis, V-14 
with latch, V-12 


light-beam intruder-detection. V- 
11, V-13 

ambienl-Iiglit cancellation circuit, 
11-328 

ambient-light ignoring optical 
sensor, 111-413 

audio oscillator, light-sensitive, JII- 
315 

back-biased GuAs LED sensor, II- 
321 

black light, battery-operated, V-281 
battery'--powered light, capacitance 
operated, 1-131 

briglitncss control, 1-377, IH-316 
carport light, automatic, 11-308 
chaser lights, sequential activation, 

1V-261,1V-252 

Christmas light driver, IV-254 
Christmas tree lights sequencer, V- 
264-265 

colorimeter, VI-306-307 
complementary, 1-372 
controller, IV-252 
cross fader; 11-312 
darkness monitor, VI-303 
detectors of light, 1-362, IV-369 
dimmers, 1-369,11-309. IV-247, IV- 
249, V-266, VI-377 
800 W, 11-309 

CMOS touch dimmer, V-270 
dc lamp, 11-307 
four-quadrant, IV-248-249 
halogen lamps, 111-300 
headligtit, 11-57,11-63 
low-cost, 1-373 
phase-controlled, V-267 
soft-start, 800-W, 1-376, III-304 
tandem, 11-312 
triac, 1-375,11-310, III-303 
dissolver, solid-state, HI-304 
drivers, lamp drivers, 1-380 
flip-flep independent design. 

IV-160 

low-frequency flasher/relay, 1-300 
MOS lamp driver. V-269 
optical coupling, HI-413 
neon lamps, 1-379, V-270, V-459 
short-cireuil-proof, 11-310 
emergency light. 1-378,1-581, II- 
320,111-317, III-41S, IV-250 
exposure meter, photo enlarger, V- 
438 

flame nionilor, 111-313 
flasher, dark-activated, V-195 
lloodlamp power, 1-373 
fluorcscenl-lamp high-voltage 
power supplies, IV-411. V-444, V- 
447, VI-500 
fringe counter, VI-300 
lialogcn lamp protector, V-271 
holiday lights sequencer, V-264-205 
indicator-lamp driver, optically 
coupled, 111-413 
infrared circuits (see infrared 
circuits; remote control) 
interruption detector, 1-364 
inverter, fluorescent, 8-W, IH-306 
key illuminator, V-333 
lamp pulser, Vl-227 
lamp timer, VI-649 
LEDs (see LED circuits) 
level of light, 1-365,1-367,1-376,I- 
377,1-380,1-389, HI-313, III-316 
life-extender for lightbulbs, in-302 
light meter, VI-308, VI-350 
light-bulb changer, automatic 


design, IV-253 

lights-on warning, IV-58,1V-62, IV- 
250 

light-seeking robot, 11-325 
logarithmic light sensor, 1-366 
logic circuit., 1-393 
machine vision illumination 
stabilizer, 11-306 
marker light, HI-317 
meters, light-meters, 1-382,1-383, 

V- 305 

photo enlargers, V-434-435 
modulator, III-302 
monostable multivibrator, light- 
controlled, VT-303 
monostahle photocell, sell-adjust 
trigger, 11-329 

mooring light, automatic, ii-328 
name in lights, Vl-379 
neon Christmas light flashers, VI- 
225 

neon light drivers, 1-379, V-270, V- 
459, VI-198 
night, lights 

automatic, 1-360,111-306 
telephone-controlled, 111-604 
night-vision illuminator, lit, VI-265 
night-vision scope power supply, 

VI- 501 

on/off relay, 1-366 
on/off reminder 
automotive lights, 1-109 
with ice alarm, 1-106 
one-shot timer, 111-317 
optical interruption sensor, 1V-366 
oscillator, light-controlled, V-279 
outdoor light control, V-275 
phase control, 11-303,11-305 
photo alarm, J1-319 
photocell, monostable, seif-adjust 
trigger, II 329 

photocurrent integrator, 11-326 
photodiode amplifier, Vl-301, VI- 
302 

photodiode log converter/ 
transmitter, VI-312 
photodiode sensor amplifier, 11-324 
photoelectric controller, IV-369 
photoelectric sensor, V-277 
photoelectric switches, 11-321,11- 
326,111-319 
photot.ranststor, V-279 
porch light control, V-266, V-276 
projector-lamp voltage regulator, 11- 
305 

power outage light, line-operated, 
01-415 

pulse-generation interruption, 1-357 
receivers, LED lightwave 
communications, Vi-310 
relays, 1-366, V-275, V-278, V-279, 
VI-304 

remote-controller, 1-370 
robot. 

eyes. II 327 

light-seeking robot, 11-325 
running light sequencer, V-269 
sensors, 1-367 

ambient-light ignoring, III-413 
back-biased GaAs LED, 11-321 
dc servo, Vl-300 
logarithmic, 1-366 
multiple-input, V-273 
optical sensor-to-TTL interface, 
111-314 

photoelectric, V-277 


758 



sequencer, V 263, 
holiday lights, V-264-2fif> 
pseudorandom, 111-301 
running light, V-269 
shinuuering light, V 268 
short-circuit proof lamp driver, II- 
310 

signal conditioner, photodiode 
design, 11-330 

solar power supply, VI-311, VI-312 
solid-state light sources, V-282-283 
sound-controlled lights, 1-609, V- 
552 

speed controller, 1V-247 
starry liglit, 1-579 
strobe liglit, VI-468 
iiigli-voltage power supplies, 

IV- 413 

photo strobe, V-435, V-437 
random LED, Vl-224 
trigger, V-436 
variable, 111-589-590 
sun tracker, 111-318, VI-299, VI-312 
switches, II-320, TTI-314 
adjustable, 1-362 
capacitance switch, 1-132 
dark activated, V-274, V-276 
light-/dark activated, V-274 
I igii t-acti vated, self-latching, 

V- 278 

light-controlled, 11-320, III-314 
photoelectric, 11-321,11-326, 

111-319 

solar triggered, 111-318 
zero-point, triac, 11-311 
tachometer adapter, VI-298 
traffic liglit controller, VI-298. VI-305 
transmitter, LEI) lightwave 
communications, VI-309 
telephone in-use light, 11-625 
three-way light control, IV-251 
touch lamp, three-way, IV-247 
triac circuit, V-268 
triac controller, V-267, V-271 
triac switch, inductive load, IV-253 
t urn -off circuit., SCR capacitor 
design, IV-254 

twilight-triggered circuit., 11-322 
video, low-level video IF amplifier, 
1-687-689 

voltage regulator for projection 
lamp, 11-305 

wake-up call light. 11-324 
warning lights, 11-320,111-317 
light-seeking robot, IT-325 
limit comparators/detectors, 1-156, 
111-106 

alarm, higli/low. 1-151 
double ended, 1-156,1-230,1-233, IT- 
105 

micropower, 1-155 
frequency-limit detector, 11-177 
limiters, 111-320-322,1V-256-257 
audio limiter, V-335 
clipper/limiter, IV-355 
low-distortion, 11 15 
dynamic noise reduction circuit., HI- 
321 

hold-current, solenoid driver. III 
573 

noise, 11-395,111-321 
onc-zeiior design, IV-257 
output, 111-322 
power-consumption, 111-572 
transmit-lime liiiiiler/liiner, IV-580 
voltage limiter, adjustable, 1V-256 


line amplifiers. III-37 
duplex, telephone, III-616 
R1AA line amp/driver, VI-77 
universal design, IV-39 
line drivers, I-2G2 
50-ohm transmission, 11-192 
600-ohm balanced, 11-192 
audio signal amplifiers, V-54 
full rail excursions in, 11-190 
high-output 600-ohm, 11-19-3 
impedance-matched with 75 Ohm 
load, VI-197 

low-distortion composite 100 mA, 

VI-200 

line receiver, balanced, VI-552 
-line receiver, dual-inverter, VI-542 
shield/line driver, high-speed, VI- 
198 

stereo line driver. VI-198 
synchronized, III-174 
video amplifier, III-710 
video line driver, VI-683 
video line receiver, VI-550 
line-dropout detector, 11-98 
line-frequency square wave 
generator, 11-599 
line receivers, VI-542, VI-552 
digital data, III-534 
low-cost, III-532 

line-sync, noise immune 60 Hz, 11-367 
line-current detector/monitors, HI- 
341 

optically coupled, III-414 
line-hum touch switch, 111-664 
line-synchronized driver circuit, HI- 
174 

line-voltage announcer, ac, 111-730 
line-voltage monitor, III-511 
line-voltage-to-multimeter adapter, 
V-312 

linear amplifiers 
1.2-kW 144-MHz, VI-20 
2-30 MHz, 140W PEP amateur 
radio, 1-555 

100 W PEP 420-450 MHz push-puU, 

I- 554 

160 VV PEP broadband, 1-556 
amateur radio. 2-30 MHz 140-W, IU- 
260 

audio power amplifiers, V-51 

CMOS inverter, II-l 1 

inverter, linear amp from inverter, 

II - 11 

micropower, VI-73 
rf amplifiers 
6 -m, 100 W, IV-480-431 
903 MHz, IV-484-485 
ATV, lO-to-15 W, IV-481 
linear couplers 
ac analog, II-412 
analog, 11-413 
dc.n-411 

optoconpler, instrumentation, II- 
417 

linear IC siren, III-5G4 
linear ramp generator, 11-270 
link, fiberoptic. HI-179 
liquid-level detectors (see fluid and 
moisture detectors) 
lithium batteries 
charger for, IT-67 
state of charge indicator for. 11-78 
little dipper dip meter, 11-183 
load-sensing circuits, V-284-285 
locator, lo-parts treasure, 1-409 
lock detector, VI-176-177 


locks, electronic, 11-194-197.1V-161- 
163, VI-203-205 
combination, 1-583,11-196 
digital entry loek, 1V-162, V-157 
frequency-based lock, Vi-204 
keyless design, IV-163 
lock detector, VI-176-177 
three-dial combination, 11-195 
locomotive wliislle, 11-589 
logurillimie amplifiers, 1-29,1-35, 0-8, 
VI-56 

dc to video, 1-38 
log-ratio amplifier, 1-42 
logarillunic converter, last, 1-169 
logarithmic light sensor, 1-366 
logarillunic sweep VGO, 111-738 
logic/logic circuits, V1-313-316 
amplifiers, logic amplifiers, 11-332- 
335 

low-power binary, to lOn gain 
low-frequeney, 11-333 
low-power inverting, digitally 
selectable gain, 11-333 
low-power noninverting, digitally 
selectable input and gain, 11-334 
precision, digitally programmable 
input imd gain, 11-335 
programmable amplifier, 11-334 
AND gute, VI-315 
audible pulses, 11-345 
el lip tester, VI-334 
combinatorial logic multiplexer, VI 
315 

converter, TTL to MGS, 1-170 
four-stale, single LED indicator, II- 
361 

isolation and zero voltage switching, 
11-415 

level shifter, ncguiive-lo-posilive 
supply, 1-394 
light-activated, 1-393 
line monitor, III-108 
logic control for 78xx regulator, VI- 
562 

overvoltage protection, 1-517 
power supply, 3.3-V from 5-V, VI- 
492 

probes, logic probes, 1-520.1-525,1 
526, IV-430-431,1V-434, Vl-522, 
VI-523 

CMOS, 1-623,1-526,111-499 
digital, HI-497, V-310 
four-way operation, IV-432 
memory-tester, installed, 1-525 
single-IC design, 1V-433 
three-in-onc set: probe, signal 
tracer, injector, IV-429 
pulse generator for logic- 
troubleshooting, LV-436 
pulser, III-520, V-489 
regulator, 5-V, witli electronic 
shutdown, Vl-496 
relay AND circuit, VI-316 
relay OR circuit, VI-316 
signals, long delay line for, 111-107 
sine wave oscillator, Vi-440 
state change indicator, Vl-314 

tpqfprc 

audible, HI-343. V-313 
TTL, 1-527 

translators, logic-level translators, 
IV-242 

long-duration timer, PUT, 11-675 
long-range object detector, III-273 
loop antennas 
3.5 MH2, IV-12-13 
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logic/logic circuits continued 
dual band, 80-160 in, V-32 
preamp, V-38 
loop oscillators, VI-885 
loop transmitter, remote sensors, HI- 
70 

loop-thru video amplifier, IV-616 
loudness controls, 11-46, II 47 
amplifier, loudness amp, 11-46 
balance amplifier with, 11-895 
loudspeakers 
coupling circuit, 1-78 
horn as loudspeaker, 1V-54 
protector circuit, V-488 
remote link, 1-343 
low-distortion input selector for 
audio use, 11-38 

low-frequency oscillators, 111-428 
crystal, 1-184,11-146 
oscillator/Ilashcr, 11-234 
Pierce oscillator, 111-133 
TTL oscillator, 11-595 
low-pass fillers, 1-287 
active, V-178, V-181, V-188 
digitally selected break frequency. 

11-216 

fourth-order, V-184 
amplifier, VI-49 
Bullerworth, V-180, V-181 
Chebyshev, fifth-order, multi- 
feedback, 11-219 

clock-tunable, monolithic, 1 mV, V- 
187 

pole-active, 1-295 

fast-response, fast, settling, IV-168- 
109 

fast-settling, precision, 11-220 
precision, fast settling, 11-220 
Sallen Key, VT-221 
10 kHz, 1-279 
active, IV-177 
equal component, 1-292 
second order, 1-289 
second-order, V-188 
second order Sallen-Kcy, 1-289 
unity-gain second-order, V-187 
variable, V-186 
voltage-cont.rolled, VI-219 
low-voltage alarm/indicator, 1-224, II- 
493, TIT-769 

low-voltage power disconnector, 11-97 
LVDT circuits, (1-336-339, III-323-324 
driver demodulator, 11-337 
signal conditioner, 11-338 

M 

machine vision, illumination stabilizer 
for, 11-306 

magnetometer, 11-341 
magnets 

current sensor, magnetic currents, 

III-341 

electromagnetic-field sensor, V-308 
permanent-magnet detector, IV-281 
preamplifiers, magnetic, 1-89,1-91, 
trr-37, III-673, IV-35, lV-36 
proximity sensor, V-308 
transducer, magnetic transducer, I- 
233 

mains-failure indicator, IV-216 
marker generator, 111-138 
marker light, 111-317 
mathematical circuits, UI-325-327, 

IV 258-263, V-286-288, VI-317- 
326 


adder circuits, II1-327 
binary, fast-action, IV-260-261 
averaging circuit. VI-324 
bridge linearizing function, VI-321 
difference of squares, VI-323 
divider circuits, IV-150-156 
binary chain. 1-258 
divide-by-2-or-3 circuit, IV-154 
divide-by-N 
1+ GHz, IV-155 
1.5+ divide-by-n, IV-156 
CMOS programmable, 1-257 
7490-divided-by-n, IV-154 
divide-by-odd number, IV-153 
frequency dividers, 1-258,11-251. 
11-254, m-213-218, ITT-340,111-768 
1.2 GHz. 111-129 

10- MHz, III-126 
clock input, IV-151 
decade, 1-259 
divide-hy-1.5, III-216 
low-cost, 111-124 

low frequency, 11-253 
preamp, 111-128 
progranuuublc, 1V-152-153 
staircase generator and, 1-730 
tachometer and, 1-310 
odd-number counter and, III-217 
one trim, 111-326 

pulse, non-integer programmable. 

11- 511,111-226 

iiuniinuin/maximum selector, four- 
input, V-332 

multiplier circuits, 1V-325, VI-325 
low-frequency multiplier, IV-325 
precise commutating amp, IV- 
262-263 

voltage multipliers, IV-631-637 
2,000 V low-current supply, IV- 
636-637 

10,000 V dc supply, IV-633 
corona wind generator, IV-633 
doublers, 111-459, IV-635 
cascaded, Cockcroft-Walton, 

IV-635 

triac-controlled, III-468 
laser power supply, TV-636 
negative-ion generator, high- 
voltage, IV-634 
trlpler, low-current, IV 637 
multiplier/divirier, VI-318, VI-322 
percentage-deviation ratio 
computer, VI-326 
polar-to-rectangi liar 
converter/palteni genera tor, 
radio direction, V 288 
polynomial generator, V-287 
root, extractor, V-207, V-288 
sin approximation, VI-323 
slope integrator, programmable, IV- 
259 

square-root, circuit, VI 319, VI-320, 
VI-322 

subtractor, III-327 
MCI330/MC1352 television IP 
amplifier, 1-688 

measurement/test, circuits (see also 
monitors; probes), 11-340,111-268- 
270, in-328-348, IV-210 218, IV- 
264-311, V-230-232. V-289-321, 
VI-258-260, VI-327-363 
100 K megaohm dc, 1-524 
3-in-l test set, HI-330 
555 circuits, LED output indicator, 
VI-260 

absolute-value circuit, IV-274 


ac hot wire, 1-581 
ae-currcnl indicator, IV-290 
ac-power indicator, LED displav, 

IV- 214 

ae/de indicator, 1V-214 
ac outlet tester, V-318 
ac power monitor, VI-351 
ac wiring locator, V-317 
ac-walts calculator, V-304 
accelerometer, VI-345 
aeo us Lie-sound receiver, IV-311 
acoustic-sound transmitter, IV-311 
activity Lester, crystal oscillators, V- 
138 

alarm and, 1-337 
altimeter, digital, V-296 
ammeter, low-current, V-307 
anemometer, hot-wire, HI-342 
atmosphere noise monitor, VT-370 
audible logic tester, TIT-343 
audible TTL, 1-524 
audio amplifier tester, VI-343 
audio frequency meter, 1-311, V- 

305, V-320, Vl-335 

audio millivolt, 111-767,111-769 
audio power, 1-488 
audio-rf signal tracer, 1-527 
automatic contrast, i-479 
automotive electrical tester, 1V-45 
automotive-temperature indicator, 
FTC thermistor, 11-56 
R field measurer, 1V-272 
balance indicator, IV-215 
balance meter for stereo. V-583 
barometer, 1V-273, VI-338 
battery indieators/testers, 1-108,1- 
121.1-122,1-124, IV-74, IV-78, IV- 
79 

beat frequency, 1-336 
breath alert alcohol tester, HI-359 
broadband ac active rectifier, IV- 
271 

buzz box continuity checker, 1-551 
cable tester, 111-539, V-299 
calibrator ( see calibrators) 
capacitance buffer 
low-input, III-498 
stabilized low-input, HI-502 
capacitance meters, 1-400,11-91-94, 
HI-75-77, VI-340 
A/D, 3.5 digit, III-7G 
capacitance-to-voltage, 11-92 
digital, 11-94 

capacitor testers, IV-265, IV-279, V 

306, VI-358 

clamp-on-current compensator, II 
501 

CMOS logic, 1-523 
continuity testers, 1-550,1-551, II 
342,11-533,11-534,11-535, HI-346, 
III-538-540, IV-287, IV-289, IV- 
295, IV-296, V-293, V-317, V-319 
crystal tester, 1-178,1-186,11-151, 

V- 139 

current meters and monitors, 1-203. 

II- 162-157, III-338, VI-259, VT-355 
ac current indicator, IV-290 
current sensing in supply rails. 

11-153 

electrometer amplifier with 
overload protection, 11-155 
Hall-effect sensors, HI-255, TV-284 
high-gain current sensor, IV-291 
picoarruneter, 1-202,11-154, IM57, 

III- 338 

guarded input, 11-156 
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range ainmelcr, six-decade, II- 
153,11-156 

curve tracer, 1-397, IV-274, V-300 
CW offset indicator, IV-213 
deviation meter, IV-303 
dial pulse, 111-613 
digital frequency meter, III-344 
digital nuilUnieter (DMM), i'V-291, 

V- 291 

digital volliiieters (DVM). 111-4 

3.5- digit, 1-713, lil-761 
3.75-digit, 1-711 

4.5- digit, 1-717, HI-760 
adapter for FC, V-310 
auto-calibrate circuit, 1-714 
automatic nulling, 1-712 
interface and temperature 

sensor, 11-647 
LED readout, IV-286 
temperature sensor and DVM, 647 
diode tester, 1-401,1-402,1-406, II- 
343, III-402 

dip meters, 1-247,11-182-183 
bandswitched, IV-298 
basic grid, 1-247, IV-298 
dual gate IGFET, 1-246 
little dipper, 11-183 
varicap tuned FET, 1-246 
direction-of-rotation circuit, 111-335 
diode-curve tracer, IV-274 
diode-matching circuit . IV-280 
dosage rate, 1-534 
driver, meter-driver rf amplifier, 1- 
MHz, m-546 

duty-cycle meter, III-329, IV-265, 

IV-275, IV-280 
dwell meter, 1-102, III-45 
E, T, and R measurement/test. 

circuits, IV-283-290 
ECG amplifiers with right leg drive. 

VI- 354 

electrolytic-capacitor reforming 
circuit, 1V-276 

electromagnetic-field sensor, V-308 
electrometer, IV-277 
electroscope, VI-34 i 
electrostatic detector, 111-337 
ELF monitor, VI-336 
energy consumption monitor, V-290 
expanded-scale analog meters, II- 
186, III-774, IV-40 
FET probe, 111-501 
FET voltmeter, 111-765, III-770 
field-strength meters, 11-208-212, 

III-182-183, TV-164-166 V-174- 
176 

1.5- 150 MHz, 1-275 
adjustable sensitivity indicator, 

I 274 

high-sensitivity, FI-211 
LP or HF, 11-212 
microwave, low cost, 1-273 
rf .sniffer, 11-210 
sensitive, 1-274, HI-183 
signal-strength meter, IV -166 
transmission indicator, 11-211 
tuned, 1-276 
UHF fields, IV-165 
untuned, 1-276 

filter analyzer, audio filters, IV-309 
Hash exposure meter, 1-484, Iii-446 
frequency comparator, VCO and 
input, VI-353 

frequency counter, 111-340,1V-3U0, 

V1-360 

frequency divider, Vl-10-MMz 


frequency sliuidard, VI-341 
frequenev meters. 1-310,11-249-250, 

IV- 282, IV-301 
analog, V-307 
audio, 1-311 
linear, 1-310 
low-cost, 11-250 
power, 11-250 
power-line, 1-311 

frequency sliift keyer lone 
generator, 1-723 

frequency standard, 10-Mllz, VI- 
361 

gale dip oscillator, Vl-344, Vl-346 
Geiger counters, 1-536-537,11-489, 
11-514, V-217-219 

general purpose rf detector, 11-500 
go/no-go test circuits, 1-401,1-157 
grid-dip motors, 1-247, IV-298 
ground, 1-580,11-345 
ground-noise, battery-powered, 111- 
500 

harmonic distortion 
analyzer, V-291, VI-357 
meter, V-312 

impedance checker, V-136 
in-usc indicator, telephone, 11-629 
inductance meter, linear, V-316, VI- 
330, VI-358 

infrared detector, low-noise, 11-289 
injectors. IV-429 
ion detector, VI-267, VI-533 
ion-sensing electroscope, VI-287 
high-frequency and rf tester, IV- 
'297-303 

LC checker, JII-3-34 
LED meters, 1-251,111-347 
level indicators (see fluid and 
moisture, level) 
line-current monitor, III-341 
light meters, 1-382,1-383, V-302, VI- 
308, VI-350 

line-voltage-to-muitimeter adapter, 

V- 312 

logic chip tester, VI-334 
logic probes, 1-520,1-525.1-526, IV- 
430-431, IV-434 
CMOS, 1-523,1-526, III-499 
digital, III-497, V-310 
four-way operation, IV-432 
memory-tester, installed, 1-525 
single-IC design, IV-433 
t.hree-in-one test set: probe, signal 
tracer, injector, IV-429 
logic tester. 1-527,11-345, HI-343, V- 
313 

low-current measurement, 111-345 
low-ohms adapter, IV-290 
low-volrage. 111-769 
magnet/magnetic detectors, TTI-341, 
IV 266, IV 281, V-308 
magnetometer, 11-341 
mains failure indicator, 1V-216 
measuring gauge, linear variable 
differential transformer, 1-404 
meter tester, IV-270 
metronomes, 1-411-413,11-353-355, 
HI 363-354, TV-312-314, V-392 
microammeter, dc, four-range, TV- 
292 

microfarad counter, IV-275 
microvolt. 11 499 

in i 11 i voltmeters, III 767, Ill 769, IV- 
289, IV-294.1V-29-5 
ac, 1-716 

audio, Ul-767,111-769 


dc, IV-295 
four-range, TV-289 
higli-input impedance. 1-715 
LED readout, IV-294 
minute marker, Vi-337 
model ear derby winner indicator, 

VI-259 

modulation monitor, III 375,1V-299 
mono audio-level meter, 1V-31Q 
motion sensor, unidirectional. IF 
346 

motor hour, 111-340 
motorcycle tune-up aid, Vl-359 
luulticonductor-eable tester, IV-288 
multimeters, 1V-291, IV-293 
nanoammeter, Vi-349 
negative voltage reference, Vl-331 
noise generator, 1V-308 
olumuelers, 1-549,111-540,1V-290 
On indicator, 1V-217 
on-the-air, 1H-270 
op-amp dc offset sliifl tester, V-319 
optical light probe, 1V-369 
oscilloscope adapter, four-trace, IV- 
267 

overspeed, 1-108 

overvoltage protection, 1-150,1-517, 
11-96,11-107,11-496, UI-513,111- 
762,1V-389 

paper sheet discriminator, copying 
machines, III-339 
peak detectors, 11-174, H-175,11- 
434-436, III-771, IV-138, IV-143 
analog, with digital hold, III-153 
decibel peak meter, III-348 
digital, 111-160 
high-bandwidth, III-161 
high-frequency peak, 11-175 
high-speed peak, 1-232 
LED design, peak meter, 111-333 
level detector, 1-402 
low-drift, III-156 
negative, 1-225,1-234 
op amp, IV-145 

positive. 1-225,1-235,11-435. HI- 
169 

true rms, 1-228 
ultra-low-drift peak, 1-227 
voltage, precision, 1-226 
wide-bandwidth, III-162 
wide-range, III-152 
pH tester, 1-399. ill-501 
phase detection/manipulation 
circuits 

detectors, 1-406,1-476, II 344, 

II- 439,11-441.11-442, 

III- 440-442, IV-127 

10 -bir. accuracy, 11-176 
digital VOM, IV-277 
phase-difference detector, 0 
to 180-degree, 11-344 
phase selector/sync 
rectifier/balanceri modulator, 
TIT-441 

sequencers, phase sequence, 
1-476,11-437-442,111-441 
rc circuit, phase sequence 
reversal detection, H-438 
reversal, rc circuit to detect, 
11-438 

three-phase tester, 11-440 
shifters, phase shifters, JV-647 
0-180 degrees, 1-477 
0-360 degrees, 1-477 
single transistor design, 1-476 
splitter, precision, ITI-582 
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measurement/test circuits continued 
tracker, three-phase square wave 
generator, 11-598 

pieoammeters, 1-202,11-154,111-838 
circuit for, 11-157 
guarded input circuit, 11-156 
FIN diode tester, VI-353 
polarity indicator, V-231 
power gain meter, 60 MHz, 1-489 
power line frequency tester, 1-31 1 
power meter, 1-489, VI-333 
power supply test load, constant- 
current, IV-424 

power supply, 10-MHz frequency 
standard, VI-335 
power transformer tester, VI-354 
presealer, 650 MHz amplifying, 11-502 
pressure gauge, digital, V-314 
probes, 4-to-220 V, III-499 
process controller, Vl-4- to 20-mA, 
Vl-355 

proximity sensor, magnetic,"V-308 
pulse-width meter, 111-336 
QRP SWR bridge, III-336 
radon detectors, VI-531-533 
RC decade box, V-294-295 
receiver-signal alarm, III-270 
receiver signal-strength indicator, 
VI-260 

reference circuit, VI-339 
rcflectometer, 1-16 
remote-control infrared device, IV- 
228 

remote meters, VI-347 
resistance measurement, 11-342, IV- 
285, VI-335 

resistor simulator, 100-W, VI-352 
resistors, programmable, VI-363 
resistance/continuity meters (see 
continuity tester, above) 
rf bridge, V-303 
rf output indicator, 1V-299 
rf power indicator, 1-16,111-382, VI- 
348 

rf probe, 1-523, III-498,111-502, IV- 
433 

rf test oscillator, V-412 
rf voltmeter, III-766 
rf-actuated relay, 111-270 
S meter for communications 
receivers, V-311 
scale, electronic, V-297 
SCR tester, IIT-344 
short-tester, V-313, V-315 
shutter, 1-485 
signal generators, V-309 
AM broadcast-band, IV-302 
AM/IF, 455 kHz, IV-301 
signal strength meter, HI-342, IV- 
166 

signal tracer, 1V-429, V-309 
signal tracking signal generator, VI- 
356 

simulated, 1-417 
single injector-tracer, 11-600 
soil moisture, III-208 
sound-level meters, 111-346, IV-305, 
rV-307 

telephone, 111-614 
sound sensor, 1V-218 
sound subcamcr generator, Vl-358 
sound-test circuits (see also sound 
generators), 1V-304 
speedometer, bike, IV-271, IV-282 
static detector, IV-276 
stereo test circuits 


audio-level meter, IV-310 
audio-power meter, El-331, IV- 
306 

balance indicator, 1-618-619 
reception indicator, 111-269 
stud finder, III-3-39 
strain-gauge sensor, VI-336 
supply-voliagc monitor. V-320 
suppressed zero, 1-716 
SWR power, 1-16,1-22, IV-269 
tachometers, 1-94,1-100,1-102, II- 
175, IE-335, IE-340, El-347, V-65, 
V-596-598 

analog readout, IV-280 
calibrated, 1II-5D8 
closed loop feedback control, 
11-390 

digital readout, 11-61, IE-45, IV- 
268-269, IV-278 
dwell meter/tachometer, IB-45 
feedback control, 11-378,11-390 
frequency counter, 1-310 
low-frequency, IE-596 
minimum-component design, I- 
405 

motor speed controllers, 11-378, 
11-389 

optical pick-up, IE-347 
set point, III-47 
telephone 

in-use indicator, 11-629, IV-560, 
IV-563 

line-tester, V-615 
off-hook, 1-633 

temperature (see temperature- 
related circuits) 
temperature indicator. IV-570 
test driver for hobby servos, VI-197 
test probe, 4-220 V, III-499 
tester, IV-270 
thermometers, EI-637-643 
three-in-one set, logic probe, signal 
tracer, injector, IV-429 
three-phase tester, 11-440 
tilt meter, IE-644-646, V-302 
tone, digital IC testing, 11-504 
transistor tester, 1-401, IV-281, V- 
306 

transistor-matching circuit, VI-339 
transmitter-output, indicator, IV-218 
tri-color indicator, V-232 
TTL logic tester, 1-527 
universal test probe, JV-431 
UHF source dipper, TV-299 
undervoltage, battery operated 
equipment, 1-123 
universal test, probe, IV-431 
VCR head amplifier tester, Vl-48 
vibration meter, 1-404 
video-signal amplitude measurer, V- 
309 

visual modulation, 1-430 
visual level, IE-269 
voice level meter, VI-194 
voltage level indicators, 1-335,1- 
337,1-338,1-718, HI-758-772, V- 
301, V-315 

voltage probes, V-474 
voltmeters, IE-758 
3.5 digit, 1-710,1-713, HI-761 

4.5-digit, 111-760 
5-digit, III-760 
ac, 1-716, HI-765,111-772 
add-on thermometer for. 111-640 
bar-graph, 1-99,11-54 
do, 111-762, ill-763, V-301 


digital voltmeters (DVM), III-4 

3.5-digit, common anode 
display, 1-713 

3.5- digit, full-scale, four- 
decade, III-761 

3.75-digit, 1-711 

4.5- digit, III-760 

4.5-digit, LCD display, 1-717 
auto-calibrale circuit, 1-714 
automatic nulling, 1-712 
interface and temperature 

sensor, 11-647 
LED readout, IV-286 
temperature sensor and DVM, 
647 

FET, 1-714,11I-765, III-770 
high-inpul resistance, EI-768 
JFET, V-318 

LED expanded scale, V-311 
millivoltmeters (see 
niillivoltmeters) 
rf, 1-405, III-766 
single-chip digital, VI-329 
vollohnuneters (VOM) 
field strength, 1-276 
pliasc meter, digital readout, IV- 
277 

volume indicator, audio amplifier, 
1V-212 

VOR signal simulator, IV-273 
VU meters, 1-715,11-487, III-487, IV- 
211 

watch tick timer, V-292 
water-level measurement circuit, 
IV-191 

wattmeter, optical isolator, VI-342 
wave generator, three-phase digital, 
Vl-343 

wavemeter, tuned RF, IV-302 
wideband test amplifier, IV-303 
wire tracer, 11-343 
zener diode test set, V-321 
zener diode tester, 1-400,1-406 
zero center, FM receivers, 1-338 
medical electronic circuits, 11-347- 
349,111-349-352 
biomedical instrumentation 
differential-amp, HI-282 
breath monitor, 111-350 
ECG amplifiers with right leg drive, 
VI-354 

EKG simulator, three-chip, TIJ-350 
heartbeat transducer, VI-387 
heart rate monitor, 11-348, E-349, V- 
342 

preamplifier for, 11-349 
stimulator, constant-current, 111-352 
stimulus isolator, HI-351 
thermometer, implantable/ 
ingestible, III-641 
megaphone circuit, VT-93 
melody generator, single-chip design, 
IV-520 

memo alert, V-352 
memory-related circuits 
EEPROM pulse generator, 5V- 
powered, 111-99 

flash memory programming supply, 
+12 volt, VI-138 
lithium backup battery 
replacement, VI-120 
memory protector/power supply 
monitor, 1V-425 

memory-saving power supply, 11-486 
transceiver memory backup, VI-28 
messenger circuit 
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Morse code, VI-406-407 
single-chip, VI-373 
meuii detectors, 11-350-352,1V-137, 
V-322-324 

low-cost design, V-323 
micropower,’ 1-408 
pipe detector, V-323 
meters (see measurement/test 
circuits) 

metlianc concentration detector, 
linearized output, 111-250 
metronomes, 1-413,11-353-355,1IJ- 
353-354,1V-312-314, V-392, VI- 
364-366 

ae-line operated unijunction, 11-355 
accentuated beuL, 1-411 
audible metronome, Vi-365 
do wnb eat-empl lasizcd, 111-353-354 
electronic, IV-313 
low-power design, IV-313 
novel design, IV-314 
sight and sound, 1-412 
simple, 11-354 

top octave generator, V-393 
version II, 11-355 
visual metronome, VI-366 
microammetcr, de, four-range, IV-292 
microcontroller, musical organ, 

preprogrammed single-cltip, i-600 
microphone circuits 
AM-modulated oscillator for 
wireless microphones, VI-45U 
amplifiers, 1-87, HI-34 
electronic balanced input, 1-86 
buffer amplifiers, high-Z, VI-125 
electret, preamp circuit, V-21 
external mic circuit for 
transceivers, V-351 
FM wireless, 111-682, III-685, HI-601 
high-impedance input circuit, VI-81 
mim-megaphone circuit, VI-93 
mixer, 11-37, V-363, V-364 
parabolic dish mikes, electronic-ear 
amp, VI-82 

preamplifiers, 11-45, IV-37, IV-42 
balanced mic, VI-77 
dynamic mic, VI-76, VI-79 
low-impedance, IV-41 
low-voltage, VI-56 
tone control for, 11-687 
transformerless, imbalanced 
input, 1-88 

transformerless, unbalanced 
input, 1-88 

underwater microphone, VI-379 
wireless, 1-679, IV-652-654, VI-661 
microprocessors (see computer 
circuits) 

microvolt comparators 
dual limit, III-89 
hysteresis-including, III-88 
microvolt probe, 11-499 
microwave amplifiers, IV-315-319 
5.7 GHz, IV-317 
bias supply for preamp, IV-318 
preamplifiers 

2.3 GHz, rV-316 

3.4 GHz, rv-316 
bias supply, fV-318 
single-stage, 10 GHz, IV-317 
two-stage, 10 GHz, IV-319 

microwave field strength meter, 1-273 
MIDI (serf musical circuits) 

Miller oscillator, 1-193 
millivolt.meters, 111-767, III-769, IV- 
289, IV-294, IV-295 


ac, 1-716 

audio, III-767. m-769 
do, IV-295 
four range, IV-289 
high-input, impedance, 1-715 
LRD readout, IV-294 
mini-stereo audio amplifiers, III-38 
miaimiun/maximum selector, four- 
input, V-332 

mixers, ni-367-370, IV-330-336, V- 
359-364, VI-392-393 

1- MHz, r-427 

audio, 1-23,1-59,11-35, IV-335, V- 
362, V-364 
CMOS, 1-57 
common-source, 1-427 
digital mixer, IV-334 
-diplexer, IV-335 
doubly balanced, 1-427 
dynamic audio mixer, IV-331 
four-channel, 1-56,1-60,11-40, HI- 
369, rv-333 

four-input, 1-55, IV-334 
guitar mixer, low-noise, four- 
channel, V-360-361 
HP t.ransceiver/niixer, IV-457 
hybrid, 1-60 
input-buffered, III-369 
local oscillator, double-balanced 
mixer, V 415 

microphone, TT-37, V-363, V-364 
mixer/oscillator for AM receivers, 
V-412 

multiplexer, 1-427 
one-transistor design, 1-59 
passive, 1-58 

preamplifier with tone control, 1-58 
signal combiner, 111-368 
silent audio switching, 1-59 
sound amplifier and, 11-37 
stereo mixer, pan controls, IV-332 
unity-gain, four-input, IV-334 
utility-design mixer, 1V-336 
universal stage, 111-370 
video, high-performance operation, 
1V-609 

mobile equipment, 8-amp regulated 
power supply. 11-461 
model and hobby circuits, IV-337- 
040, Vl-394-396 

controller, model-train and/or slot- 
car, IV-338-340 

railroad crossing flasher, Vi-395 
railroad track control signal, Vl-396 
rocket launcher, 11-358 
modems 

power-line, carrier-current circuit, 

111-82 

power line modem for computer 
control, VI-474 
protector, V-479, V-482 
modulated readback systems, 
disc/tape phase, 1-89 
modulation indicator/monilor, 1-430 
CB, 1-431 

modulators, 1-437,11-368-372,111-371- 
377, V-365-367, VI-397-403 
455-kHz, V-366 

+12V dc single supply, balanced, I- 
437 

AM, 1-438,11-370 
balanced, 111-376, ffl-441 
digital pulse width modulation, VI- 
400-401 

double-sideband suppressed- 
carrier, HI-377 


DSB modulator, four-quadrant, VI- 
402 

FM, V-366, V-367 
high-frequency, varactorless. VI- 
398 

linear (Ail) amplitude modulator. 
VI-402 

linear pulse-width, 1-437 
monitor for, III-375 
musical envelope generator, 1-601 
pulse-position, 1-435, HI-375 
pulse-width, 1-435,1-436,1-438-440, 
HI-376, IV-326, VI-402 
rf, 1-436.11-369, IH-372, III-374 
saw oscillator, III-373 
TTL oscillator for television display, 

11-372 

TV. 1-439,11-433.11-434 
VHF, 1-440, III-684 
video, 1-437,11-371,11-372, VI-399, 
VI-403, VI-399 

moisture detector (.see fluid and 
moisture detectors) 
monitors for computers (see 
computer circuits) 
monitors (see also alarms; fluid and 
moisture; light-controlled 
circuits; motor control circuits; 
speed controllers; temperature- 
related circuits; tone controls), 
V-368-372 

ac power line monitor, VI-473 
acid rain, III-3C1, V.-371 
baby monitor, V-370-371 
battery monitors, 1-106,1-222,11-74- 
79, H1-G0-G7, IV-73-80 
bird feeder monitor, V-371 
blinking phone light, 11-624 
hreat.h monitor, 111-350 
current,, IH-255, IV-284 
alarm and, III-338 
directional signals, auto, III-48 
door-ajar, automotive circuits, 

HI-46 

duty cycle. III-329, IV-276 
flames, HI-313 
home security system, 1-6 
line-current. III-341 
line-voltage, HI-511 
logic line, III-108 
modulation. HI-375, rV-299 
overvoltage protection. 1-150,1-517, 

II- 96, II-107,II-49G, HI-513, III- 
762, IV-389 

power-supply monitors, 11-491-497, 

III- 493-495, IV-422-427 
backup supply, drop-in main- 
activated, IV-424 
booster/buffer, boosts reference 
current, IV-425 

circuit breaker, trip circuit, IV-423 
connections monitor, ac lines, 
111-510 

fault monitor, single-supply, HI- 
495 

memory protect.or/supply 
monitor, 1V-425 

polarity-protection relay, 1V-427 
SCK design, IV-385 
test load, constant -current, TV- 
424 

triac for ac-voltage control, IV-426 
Lube amplifier, high-voltage 
isolation, IV-426 
voltage monitors (see voltage 
monitors) 
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monitors continued 
radon detectors. VI 531-51315 
room monitor, V 369 
monostable multivibrators, 1-465, HI- 
229, HI-230, TIT-235, 111-237, V- 
38C, V-387, VI-700 
input lookout, 1-464 
light-controlled, VT-309 
linear-ramp, HI-237 
photocell, monostahle, II 329 
positive-triggered, 111-229 
TTL, monostahle operation, 1-464 
UJT, monostahle operation, 1-463 
video amplifier and comparator, II- 
268 

mooring light, automatic, 11-323 
Morse code circuits. VI-404-409 
code practice oscillator, Vl-409 
CW audio filter, VI-405 
CW identifier, VI-408 
messenger circuit, Vl-406-407 
MOSFETs 

amplifier, high-impedance biasing, 
V-19 

audio power amplifiers, V-47 
biasing, high-impedance method, V- 
19 

buffer amplifier, V-93 
drive current booster, VI-368 
driver, high-side, VI-199 
frequency converter, V-123 
mixer/oscillator lor AM receivers, 
V-412 

power control switch, 1V-386 
power inverter, 111-295, V-247 
push-pull amplifier. VI-55 
mosquito repelling circuit, 1-684 
motion/pruxiinily detectors, 1-135- 
136,1-344,11-135,11-136.11-505- 
507,111-514-518,1V-341-346, 
V-376-377, V-484-486 
acoustic Doppler motion detector, 
IV-343 

alarm for, 11-506, VI-657 
auto alarm, 1-9 
capacitive, 111-515 
capacitive sensor touch switch 
system, Vl-656 

field disturbance sensor/alarm, II- 
507 

inlhirod-refleclion switch, IV-345 
light-beam intruder-detection 
alarm, V-ll.V-13 

low-current-drain design. IV-342-343 
magnetic, V-308 
microwave circuit, V-377 
motorcycle alarm, 1-9 
object detector, long-range, III-273 
optical detector circuit, V-405 
optica! interruption sensor, IV-366 
people-detector, infrared-activated. 
IV-225 

proximity switch, infrared- 
activated, IV-345 
relay-output, IV-345 
room monitor, V-3G9 
SCR alarm, III-517 
self-biased, changing field, 1-135 
switch. III-517 
UHF, 111-516, IV-344 
ultrasonic motion detector, VI-668 
ultrasonic proximity detector, VI 
669 

unidirectional, 11-346 
motor control circuits, IV-347-353, V- 
378-381, VI-410-416 


400 Hz servo amplifier, 11-386 
ac motors, 11-375 

ac servo amplifier, bridge-type. 111 - 
387 

bidirectional proportional control. 
11-374 

blender control circuit, V-379 
compressor protector, IV-351 
dc motors 

direction controls, 1-452 
driver controls, 
fixed speed, TIJ-387 
reversing, 11-381 
servo, bipolar control input, 11- 
385 

speed-controlled reversible, 111 - 
388 

fiberoptic controls, TT-206 
speed control, VI-411 
direction controller, VI-413. Vl-416 
dc motors, 1-452 
series-wound motors, 1-448 
shunt-wound motors, 1-456 
stepper motor, IV-350 
driver controls 
ac motors 
three-phase, 11-383 
two-phase, 1-456,11-882 
constant-speed, 111-386 
dc motors 
fixed speed, 111-387 
reversing, 11-381 
servo, bipolar control input, II- 
385 

speed-controlled reversible, IH- 
388 

N-phase motor, 11-882 
piezo drive, V-380 
PWM, V-380 

reversing, dc control signals, II- 
381 

servo motor amplifier, 1-452. II- 
384 

stepper motors, 111-390 
half-step, 1V-349 
quarter-step, IV-350 
two-phase, 11-456 
fiber optic, do, variable, 11-206 
hours-in-use meter, 111-340 
induction motor, 1-454 
load-dependent, universal motor, I- 
451 

mini-drill control, IV-348 
model train and/or car, 1-453,1-455 
phase control, hysteresis free. 1-373 
piezo motor drive, V-380 
power brake, ac, 11-451 
power-factor controller, three- 
phase. 11-388 
power-tool torque, 1-458 
PWM motor controller, III-389 
PWM servo amplifier, III-379 
PWM speed control, 11-376 
PWM speed control/energy- 
rceovcring brake, III-380 
self-timing control, built-in, 
universal motor, 1-451 
servo motor amplifier, 1-452, IT-384 
servo system, III-384 
speed control {see speed 
controllers) 

siart-and-run motor circuit, ITI-382 
stepper motors, V-571-573, VT-600- 
602 

half-step. IV-349 
quarter-step, IV-350 


speed and direction, IV-350 
tachometers, 1-94,1-100,1-102,11- 
175, in-335. 111-340, HI-347 
V-65, V-596-598, VI-98, VT-298, 
VI-371 

analog readout, IV-280 
calibrated, III-598 
closed loop feedback control, II- 
390 

digital readout, II-Gi, HI-45, IV- 
268-269, I\ ; -278 
dwell meter/tachometer, IH-45 
feedback control, 11-378,11-390 
frequency counter, 1-310 
low-frequency, UI-596 
minimum-component, design, 1-405 
motor speed controllers, 11-378, 
11-389 

optical pick-up, III-347 
set point, III-47 

three-phase controls, 11-383,11-388 
time-delay motor-control, long 
time, Vl-413 

two-phase controls, 1-456,11-382 
motorcycles {see automotive 
circuits) 

multiburst generator, square 
waveform, 11-88 
multimeters {see also digital 

multimeters (DMM), IV-291, IV- 
293 

multiple-input, detector, JJI-102 
multiplexers, 111-391-397, V-382-383 
l-of-8 channel transmission system, 
HI-395 

analog, 11-392, V-383 
0/01-percent, 11-392 
buffered input and output, HI-396 
input/output bufTer for, III-l 1 
single- to four-trace converter, II- 
431 

capacitance, 11-200,11-416 
combinatorial logic, Vi-315 
common-cathode LED-display 
ADC, HI-764 
de-, TIT-394 

differential multiplexer, 1-425,1- 
428,11-428 

driver, high-speed line driver, 1-264 
eight-channel data acquisition 
circuit, Vi-378 

eight-channel mux/demux, 1-426, II- 
115 

four-chaiuiel, low-cost, III-394 
frequency, III-213-218 
line driver, 1-264 
low output impedance, VI-605 
mathematical, one trim, HI-326 
oscilloscopes, add-on, III-437 
pulse-width, III-214 
resistor, 11-199 

sample-and-hold, three-channel, IH- 
396 

two-level, III-392 
video, l-of-15 cascaded, III-393 
wideband differential, 11-428 
multiplier circuits, IV-325 
capacitance multiplier, V-205, V- 
347 

low-frequency multiplier, IV-325 
pliolomultipliers, high-volt power 
supply, V-444, V-445 
precise commutating amp, IV-262- 
263 

resistance multiplication circuit, op 
amp, VI-431 
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voltage multipliers, IV-631-637 
2.000 V low-current supply, IV- 
636-637 

10,000 V do supply. IV-633 
corona wind generator, IV-633 
doublers, III-459, IV-635 
cascaded, Cockcroft-Walton, 
IV-G35 

triac-controlled, III-468 
laser power supply, IV-636 
negative-ion generator, high- 
voltage, IV-634 
tripler, low-current, IV-637 
multivibrators, V-384-388, VI-417-419 
100 kHz free running, 11-485 
astable multivibrators, 11-269, II- 
510,11-597, III-196, III-224, HI- 
233, HI-237, III-238, V-386-388, 
VI-418-419 

bistable multivibrators, 1-133,11- 
465, Vl-418 
inverter, 111-103 
debouneer, 1V-108 
Hasher, 1-299,11-234 
lamp driver, IV-160 
pushbutton trigger, V-388 
RS flip-flop, 1-395 
SCR, 11-367 
SR flip-flop, IV-651 
touch-triggered. 1-133 
car battery, 11-106 
CB modulation, 11-431 
CMOS, V-385 
current, 11-203 

duty-cycle, 50-percent, 111-584 
free-running 
100 kHz, 1-465 

programmable-frequency, HI-235 
with op amp, V-388 
low-frequency, III-237 
low-voltage, II-123 
modulation, 11-430 
monostable multivibrators, 1-465, 
III-229, HI-230. HI-235. HI-237. V- 
386, V-387 
input lockout, 1-464 
linear-ramp, HI-237 
photocell, moncstable, 11-329 
positive-triggered, III-229 
.TTL, monostable operation, 1-464 
TJ.TT, monostahle operation, 1-463 
video amplifier and comparator, 
11-268 

one-shot, 1-465,1-720, II-20G, II-465. 
111-222, m-238, IH-317, HI-054, V- 
388, VT-419 
oscilloscope, H-474 
single-supply, III-232 
sound level, 11-403 
square-wave generators. 1V-536 
telephone line, 11-628 
very-low-frequency, V-385 
wideband radiation, 11-535 
music circuits also sound 
generators), V-389-393 
envelope generator/modulator, IV- 
22 

instrument tune-up, audio 
generator, V-390 
melody circuit, V-393 
melody generator, single-chip 
design, IV-520 

metronome (sae metronomes) 

MIDI receiver, V-392 
MIDI transmitter, V-393 
multi-tone generator, V-506 


music maker circuit, III-360, IV-521 

musical chimes, 1-640 

musical envelope, modulator, 1 - 601 , 

rv-22 

octave equalizer, V-353 
perfect pitch circuit, V-391 
synthesizer, V-10-notc, V-561 
telephone music-on-hold circuit, V- 
601, V-605 

wireless guitar transmitter, VI-661 
mux/demux (see multiplexers) 


N 

N-phase motor drive, TIT-382 
NAB preamps 
record, 111-673 
two-pole, III-673 

NAB tape playback pre-amp, 111-38 
nanoammetcr, 1-202, VI-349 
NE602 

dc power circuit, V-358 
input/output circuits, V-355 
negative-ion generator, IV-634 
neon flashers, 1-303 
Christmas light flashers, VI-225 
five-lamp, IH-198 
two-state oscillator, III-200 
tube, 1-304 
networks 

crossover networks, 1-172-173,11-35 
r>V, 1-518 

ac/ric lines, electronic, 1-515 
active, 1-172 

asymmetrical third order 
Rutterworth, 1-173 
electronic circuit for, TI-36 
filter, 1-291 

speech, telephone, 11-633 
ni-cad batteries, 1-118 
analyzer Tor, 111-64 
charger, 1-112,1-116,111-57 
12 v, 200 niA per hour, T-l 14 
current and voltage limiting, 1-114 
fast-acting, 1-118 
portable, 1V-69 
temperature-sensing, IV-77 
Ihennally controlled, II 68 
packs, automotive charger for, 1115 
portable, 111-47,1V-69 
protection circuit, 111-62 
simpli-cud, 1-112 

Lempcruture-seiisiiig charger, IV-77 
test circuit, 1V-79 
thermally controlled, 11-68 
zappers, 1-6,11-66,11-68 
night lights (see liglits/liglil-aetivated 
and controlled circuits) 
night-vision illuminator, 1R, Vl-265 
night-vision scope power supply, Vl- 
501 

no-doze alarm, V-8 
noise generators (see sound 
generators) 

noise detector Tor ac circuits, VI 184 
noise reduction circuits, II 393 396, 
ill-398-401, IV-354-356, V-396- 
398, Vl-420-424 
amplified noise limiter for SW 
receivers, V-397 
audio clipper/limiler, 1 V-355 
audio dynamic system, V-397 
audio shunt noise limiter, 1 V-355 
audio squelch, H-394 
balance amplifier with loudness 
control, II-395 


blanker, 1V-356 
clipper, 11-394 
adjustable, VI-423 
audio-powered, 111-396 
Dolby, VI-421 

Dolby B. decode mode, III 401 
Dolby B, encode mode, III 400 
Dolby B/C, 111-399 
dynamic noise reduction, HI-321 
filters (see filters') 
limiter, 11-395, ill-321, VI 423 
low-level signal noise, V-398 
noise generator, VI-421 
noise-based voting circuit, VJ-422- 
423 

receiver application, V-398 
shortwave receiver noise limiter, V- 
397 

noise monitor, VI-370 
noninverting amplifiers, 1-32,1-33,1- 
41,111-14 
ac power, 1-79 
adjustable gain, 1-91 
comparator with hysteresis in, 1-153 
high-frequency, 28^dB, HI-263 
hysteresis in, 1-153 
low-power, digitally selectable input 
and gain, 11-334 
power, 1-79 

programmable-gain, III-505 
single supply, 1-74 
split, supply, 1-75 
nonselective frequency tripler, 
transistor saturation, 11-252 
Norton amplifier, absolute value, Hi¬ 
ll 

notch filters (see also filter circuits), 
1-283,11-397-403, HI-402 404 
4.5 MHz, 1-282 
550 Hz, 11-399 
1800 Hz, 11-398 
active band reject, 11-401 
adjustable Q, 11-398, V-179, VI-217 
audio, 11-400 
bandpass and, 11-223 
high-Q, 111-404, V-178, VI-213, VI- 
217, Vl-220 
RC, VI-221 

selectable bandwidth, 1-281 
shortwave receiver filler, V-185 
three-amplifier design. 1-281 
tunable, 11-399,11-402, V-179 
passive-bridged differentiator, II 
403 

hum-suppressing, 1-280 
op amp, 11-400 
twin-notch for 1 kHz, V-183 
twin-T, HI-403 
Wien bridge, 11-402 
NTSC gray-scale video generator, VI- 
679 

NTSC-lo-RGB converter, VI-677 
NTSC-lo-RGB video decoder, 1V-613 
nuclear particle detector, 1-537 
null circuit, HI-69 
op amp offset null, VI-427 
null detector, 1-148, Hi-162 

O 

octal D/A converter, V-350 
ohmmeters, 1-549 
linear, III-540 
linear scale, 1-549 
five-range, IV-290 
ohms-to-volts converter, 1-168 
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oil-pressure gauge, automotive, IV- 
44, IV-47 

on/off control, 1-005 
on/off inverter, III-594 
on/off touch switches, 11-691,111-663 
one-arm bandit game, VI-251 
one-of-eight channel transmission 
system, III-100 

one-shot function generators, 1-465, 

V- 388, VI-419 
digitally controlled, 1-720 
precision, III-222 

pulse generator, V-490-491 
retriggerable, 111-238 
one-shot timers, III-654 
light-controlled, IJI-317 
voltage-controlled high-speed, II- 
266 

op amps, 11-404-406, III-405-406, IV- 
357-364, V-399-403, Vl-425-431 
xlO, 1-37 
xlOO, 1-37 

astable multivibrator, 111-224 
audio amplifier, IV-33, VI-427 
balanced amplifier, VT-429 
bandpass filter, VI-216, VI-222 
bidirectional compound op amp, IV- 
361 

bridge connections for power op 
amps, VI-92 
clamping for, 11-22 
clock circuit using, 111-85 
comparator, three-input and gate 
comparator, IV-363, 
composite amplifier, V-401, V-403 
compound op-amp, IV-364 
current regulator, VI-430 
dc offset-shift, tester, V-319 
differentia] amplifier, VJ-186 
driver, IV-158-159 
feedback-stabilized amplifier, IV- 
360 

free-running multivibrator, V-388 
full-wave rectifier design, V-403 
gain-controlled op amp, IV-361 
high-gain/bandwidt.h, V-403 
input guard for high-2 op amps, VI- 
428 

intrinsically safe protected, 111-12 
inverter/rectifier, programmable, 

IV-364 

laser driver, VI-295 
logarithmic amplifier, Vl-56 
long RC time constants, VI-426 
microphone mixer, V-364 
mixer circuit, VI-393 
offset null, VI-427 
on/off switch, transistorized, IV-546 
paralleled power op amps, VI-84, 

VI- 429 

polarity gain adjustment, V-400 
power op amp, V-402 
power booster, tV-358 
power driver circuit, 1V-158-159 
pseudoground, VI-431 
quad, simultaneous waveform 
generator using, 11-259 
resistance multiplication circuit, VI- 
431 

sawtooth generator, VI-701 
single potentiometer to adjust gain 
over hipolar range, 11-406 
single-supply applications, VI-430 
swing rail-ray, LM324, IV-363 
temperature-compensated 
breakpoint, nonlinear, V-19, V-401 


transconduotance op amp, with 
booster, VT-47 

tunable notch filter with, 11-400 

V- and I-profected, V-25 
variable gain, 11-405, V-402 
VCO driver, IV-362 
video op amp circuits, 1V-615 
optical circuits (sat also lasers; 
lights/light-activated and 
controlled circuits), 11-407-419, 
1V-365-369, V-404-409 
50 kHz center frequency FM 
transmitter, 11-417 
ac relay, III-418 
two photon couplers, 11-412 
ac switcher, high voltage, 111-408 
ambient light-ignoring optical 
sensor, III-413 
CMOS coupler, 111-414 
communication system, 11-416 
couplers/optocouplers, 11-409, II- 
417 

analog coupler, linear ac, 11-412 
analog coupler, linear, 11-413 
CMOS design, TIT-414 
dc linear coupler, 11-411 
instrumentation, linear, 11-417 
optocouplers, 11-409,11-417 
stable, 11-409 
TTL design, 111-416 
dc latching relay, HI-417 
digital transmission isolator, II- 
414 

direction discriminator, V-408 
high-sensitivit.y, NO, two-terminal 
zero voltage switch, 11-414 
indicator lamp driver, 111-413 
integrated solid state relay, 11-408 
interfaces, optocouplers/ 
optoisolators, V-406-407 
interruption sensor, IV-366 
isolation and zero voltage switching 
logic, 11-415 

isolators/opt, oisotators, 1V-475 
driver, high-voltage, 111-482 
telephone status monitor using, I- 
626 

light-detector, TV 369 
line-current detector, 111-414 
microprocessor triac array driver, 
11-410 

optocoupler, V-407 
interface circuits, V-406-407 
optoisolator 

interface circuits, V-406-407 
relay circuit, TV-475 
paper tape reader, 11-414 
photoelectric light controller, IV- 
369 

phot.oreceiver, optimized noise/ 
response, V-405 
phototransistors 
amplifier, V-409 
variable-sensitivity, V-409 
power outage light , line-operated, 
ID-415 

probe, TV-369 
proximity detector, V-405 
pyrometer, 1654 
receivers, 1364, li-418 
50 kHz FM optical transmitter. 
11-418 

light receiver, 1V-367 
optical or laser light, IV-367, IV- 
368 

relays, 111-412,111-417, III-418 


dc solid-state, open/closed, 1II-412 
safety-circuit switch, V-409 
Schmitt trigger, 1-362 
sensor, ambient light ignoring, HI- 
413 

sensor-to-TTI, interface, III-314 
source follower, photodiode, HI-419 
telephone ring detector, III-611 
transmitter, 1-363,1-367, IV-368 
light transmitter, IV-3 68 
triggering SCR series, 111-411 
TTL coupler, optical, 111-416 
zero-voltage switching 
closed half-wave, ill-412 
solid-state, III-410 
solid-state relay, 111-416 
optocouplers (see optical circuits, 
couplers) 

optoisolators (see optical circuits, 
isolators) 

OR gate, 1-395 
relay circuit, VI-316 
organ, musical, 1-415 
preprogrammed single cliip 
microcontroller for, 1-600 
stylus, 1-420 

oscillators, 11-420-429, III-420-432, 
IV-370-377, V-4! 0-421, VI-432- 
459 

1 kHz, 11-427 
1.0 MHz, 1-571 

2 MHz, 11-571 
5-V, 111-432 
50 kHz, 1-727 
400 MHz, 1-571 
500 MHz, 1-570 
800 Hz, 1-68 

adjustable over 10:1 range, 11-423 
AF power oscillator, V-412 
AM-modulated oscillator for 
wireless microphones, Vl-450 
astable, 1-462, V-420, VI-437. VI- 
438, VI-442, Vl-443 
audio, 1-245,111-315,111-427. IV-374, 
TV-375 

audio-frequency generator, V-416- 
417 

audio-test oscillator, V-420 
basic designs, V-414 
beat-frequency audio generator, TV- 
371 

beat-frequency oscillator, VI-452 
buffer circuits, IV-89 
Butler oscillator, Vi-452 
aperiodic, 1-196 
common base, 1-191 
crystal, 1-182 

emitter follower, 11-190-191, II- 
194 

calibration oscillator, UJT, 100-kHz, 

VI-157 

cassette bias, ii-426 
Clapp oscillator, VI-458 
dock generator, 1-615, IH-85 
CMOS, 1-615, III-429, III-430 
1 MHz to 4 MHz, 1-199 
crystal, 1-187 

code practice, 1-15,1-20,1-22, IT- 
428, 01-431, IV-373, IV-375, IV- 
376, V-100-103, Vl-409 
Oolpitts crystal oscillators. 1-194,1- 
572,11-147, V-411, VI-160, VI-458 
1 -to-20 MHz, IV-123 
frequency checker, IV-301 
harmonic. 1-189-190 
two-frcqucncy, IV-127 
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crystal {see crystal oscillators) 
Darlington transistor oscillator, VI- 

455 

double frequency output, 1-314 
discrete sequence, ill-421 
duty-cycle 
50-percent, 111-426 
555 circuit, VI-446 
variable, 111-422, VT-438 
emitter-coupled 
big loop, 11-422 
RC, 11-266 

exponential digitally controlled, I- 
728 

feedback, 1-67 
flasher and oscillator 
high-drive, 11-225 
low-frcqucncy, 11-234 
FM high frequency oscillator, VI- 

456 

FM-modulated oscillator, VI-449 
free-running, 1-531 
square wave, 1-615 
frequency doubled output from, II- 
425,11-596 

frequency switcher, V-418 
gate dip oscillator, VI-344, VI-34G 
gated, 1-728, V-413.V-419 
last-cycle completing, 111-427 
Hall effect circuits, V-222 
Hartley, 1-571, V-140, VI-453, VI- 
459 

hc-based, 111-423 
HCU/HCT-based, III 426 
high-current, square wave 
generator, 111-585 
high-frequency, 111-426 
crystal, 1-175,11-148 
LC audio oscillator, V-411 
LF oscillator, V-413 
light-controlled, V-279 
load-switching, 100 mA, 1-730 
local oscillator, double-balanced 
mixer, V-415 

Loop oscillator eliminator, VT-385 
•low-distortion, 1-570 
low-duly-cyde pulse circuit, IV- 
439 

low-frequency oscillators, III-428 
crystal, 1-184, li-146 
oscillator/flasher, 11-234 
Pierce oscillator, III-ia 3 
TTL oscillator, 11-595 
low-noisc crystal, 11-145 
Miller, 1-193 

MOSFET mixer/oscillator for AM 
receivers, V-412 
NE602 local oscillator, V-411 
neon flasher, iwo-state, III-200 
one-sccond, 1 kllz, 11-4213 
one-shot, voltage-controlled high¬ 
speed, 11-266 

overtone oscillators, 1-176,1-177,1- 
180,1-183,1-186,11-146,111-146 
50 MHz to 100 MHz, 1-181 
100 MHz, 1V-124 
crystal, 1-176,1-180,11-146 
crystal switching, 1-183 
fifth-overtone, 1-182 
third-overtone oscillator, IV-123 
phase-locked, 20-Mllz, IV-374 
phase-sliift oscillator, VI-435 
Pierce oscillator, V-140 

1-MHz, 111-134 
crystal, 11-144 
harmonic, 1-199,11-192 


JFET, 1-198 
low-frequency, ITT-133 
quad tone oscillator, VT-434 
quadrature, 1-729,111-428, Vl-444 
square-wave generator, JII-585 
quartz, 111-136 
E/C, 1-612 

reflection, crystal-controlled. HI- 
136 

Reinarlz oscillator, VI-450 
relaxation. 1V-376 
SCR, III-430 

remote oscillator high-frequency 
VFO, VI-451 

resistance-controlled digital, II- 
426 

rf oscillators, 1-550-551,1-572, V- 
528-532, VI-448-459 
6.5 MHz VFO. V-529 
5 MHz VFO, 11-551 
ham band VFO, V-532 
NE602 circuit, V-53I 
rf-genic, 11-421 

shortwave pulsed-marker, V-532 
sidclone, rf-powered, 1-24 
signal generator, V-530-531 
test oscillator, V-412 
transmilter and, 27 MHz and 49 
MHz, 1-680 
RLC, III-423 

saw! oo tli wave, modulator, III-373 
Schmitt trigger crystal, 1-181 
sine-wave {see sine-wave 
oscillators) 

sine-wave/squaru wave, tunable, I- 
65, III-232, IV-512 
single op amp, 1-529 
siren oscillator, V-567 
square-wave, 1-613-614,11-597, II- 
616.1 V-532,1V-533. V-569, VI- 
445 

0.5 Hz. 1-616 
1 kHz, 1-612 

astablc multivibrator and, V-386 
start-stop oscillator pulse circuit., 
IV-438 

switch, oscillator-triggered, V-590, 
VI-606 

switching, 20 ns. 1-729 
temperature-compensated, IH-137 
crystal, 1-187 

low-power 5v-driven, IT-142 
temperalurc-sUibie, 11-427 
third overtone, 1-186, IV-123 
time base, crystal, 111-133,1V-128 
timer. 500 timer, 1-531 
tone-burst, decoder and, 1-726 
transmitter and, 27 MHz and 49 
MHz rf, 1-680 

triangle-w r ave oscillator, V-205 
triangle/squarc wave, 1-616,11-422 
TTL, 1-179,1-613, IV-127, Vl-437 
1 MHz to 10 MHz, 1-178 
1 MHz to 20 MHz, IV-127 
crystal, TTL-compatible, 1-179 
sine wave/square oscillator, IV- 
512 

television display using, 11-372 
tube type crystal, 1-192 
tunable frequency, 11-425 
tunable single comparator, 1-69 
tuned collector oscillator, Vl-454, 
VI-459 

UHF oscillator, tunable, VI-456 
varactor tuned 10 MHz ceramic 
resonator, II-141 


variable frequency oscillator. VI- 
438, Vl-442, VI-443, VI-449, VI- 
451, VI-455, Vl-457 
variable oscillatore, 11-421 
audio, 20 Hz to 20 kHz, 11-727 
four-decade, single control for, 

II- 424 

sine-wave oscillator, super low- 
distortion, 111-558 
wide range, 1-730,11-429 
variable-duty cycle, III-422, V-419 
VHF crystal oscillator 
20-MHz, 111-138 
50-MHz. 111-140 
100-MHz, 111-139 
VLF LC oscillator, Vl-454 
voltage-controlled (VCO) (see 
voltage-controlled oscillators) 
warble oscillator, Vl-582 
wide-frequcncy range, 11-262 
wide-range, 1-69,111-425 
variable, 1-730,11-429 
Wien-bridge oscillators, 1-62-63,1- 
66,1-70,11-566,111-429,111-558, 

IV- 371, 1V-377,1V-511, V-415, V- 
419, Vl-439, VI-444 

CMOS chip in, 11-568 
low-distortion, thermally stable, 

III- 557 

low-voltage, 111-432 
sine wave, 1-66,1-70, TH566, IV- 
510, IV-513 
single-supply, 111-558 
thermally stable, III-557 
three-decade, 1V-510 
variable, 111-424 
very-low-dislorliun, IV-513 
XOR-gatc, 111-429 
yelp. 11-577 

oscilloscopes, 11-430-433,111-433-439, 

V- 422-426, VI-460-464 

analog multiplexer, single- to four- 
trace scope converter, 11-431 
beam splitter. 1-474 
calibrator, 11-433,111-436 
convertor, 1-471 
CRO doubler, 111-439 
delayed video trigger, VI-464 
differential amplifier, VI-463 
eight-channel voltage display, HI- 
435 

extender, 111-434 
FET dual-trace switch for, 11-432 
four-trace oscilloscope adapter, IV- 
267 

monitor, 1-474 
multiplexer, add-on, 111-437 
preamplifier, 111-437, V-423 
counter, III-438 
instrumentation amplifiers, IV- 
230-231 

sampling rate pluise lock, VI-462 
scope voltage cursor adapter, VI- 
461 

sensitivity amplifier, 111-436 
spectrum analyzer adapter, V-424 
timebasc generator, V-425 
trigger selector lor timebase, V-425 
triggered sweep, 111-438 
variable-gain amp, V-426 
voltage-level dual readout, TV-108 
outband descrambler, 11-164 
out-of-bounds pulse-width detector, 
III-158 

outlet tester, V-318 
output limiter, 111-322 
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output-gating circuit, 
photomultiplier, 11-51(1 
output-stage booster, 01-452 
onrput-to-current converter, VI-155 
over/under temperature monitor, 
dual output, 11-646 
overload indicator, V-478 
overload protector, speaker, 11-16 
overspeed indicator, 1-108 
overtone oscillators, 1-176,1-177,I- 
180, 1-188,1-186,11-146,111-146 
50 MHz to 100 MHz, 1-181 
100 MHz, 1V-124 
crystal, 1-176,1-180,11-146 
crystal swilcliing, 1-183 
fifth-overtone, 1-182 
third-overtone oscillator, IV-123 
overvoltage protection, 1-150,1-517, 
11 96,11-107,11-496, ID-513,III- 
762,1V-389, V-480 
comparator to detect, 11-107 
monitor for, III-762 
protection circuit, 11-96,11-496, HI- 
513 

undervoltage and, indicator, 1-150, 

III-762 


P 

-pager, pocket-size, 111-288 
PAL/NTSC decoder, HUB input, ni-717 
palette, video, 111-720 
panning circuit, two-channcl, 1-57 
paper-sheet, discriminator, copying 
machines, Ilf-339 
paper-tape reader, 11-414 
parallel connections, telephone, HI¬ 
GH 

party-line intercom, 11-303 
password protection circuit, PCs, V- 
109, VI-135 

pattern generator/polar-to- 

rectangular converter for radio 
direction, V-288 

PCB continuity Lester, 11-342,11-535 
peak detectors, 11-174,11-175,11-434- 
436, Hl-771,1V-138, IV-143 
analog, with digital hold, 111-153 
closed-loop, V-163 
decibel peak meter, III-348 
digital, 111-160 
high-bandwidth, III-161 
high frequency peak, 11-175 
high-speed peak, 1-232, VI-175 
OKI) design, peak meter, HI-333 
level detector, 1-402 
low-drift, 111-156. V-155, VI-183 
negative, 1-225,1-234, V-154, VI- 
179. VI-183 
op amp, IV-145 
open-loop, V-153 

positive, 1-225,1-235, IT-435,111-169, 
VI-179, VI-183 
t rue rms, 1-228 
ultra-low-drift peak, 1-227 
voltage, precision, 1-226 
widc-bandwidth, III-162 
wide-range, III-152 
peak program detector, 111-771 
peak converter, precision ae/dc, II- 
127 

peak/hold circuit, VT-391 
people-detector, infrared-activated. 

IV-225 

percentage-deviation ratio computer, 
VI-326 


period counter, 1 (X) MHz, frequency 
and, 11-136 

period-to-volrage converter. 1V-115 
pest-repeller, ultrasonic, III-699, HI- 
706. HI-707, IV-605-606, V-427- 
428 

pH meters/probe. 1 -399, HI-501, VI- 
523 

phase deteetion/manipuMion circuits 
detectors, 1-406,1-476,11-344, II- 
439.11-441,11-442,111-440-442 
IV-127 

10- bit accuracy. 11-176 
digital VOM, IV-277 
lock detector, VI 176-177 
phase-difference detector, 0- to 

180-degree, 11-344 
phase selector/sync rectifier/ 
balanced modulator, 111-441 
sequencers, phase sequence, 1-476, 

11- 437-442, HI-441 

rc circuit, phase sequence 
reversal detection, 11-438 
reversal, rc circuit to detect, FI- 
438 

LItree-phase tester, 11-440 
sliifters, phase shifters, IV-647, V- 
429-431 

0-180 degree, 1-477 
0-360 degree, 1-477 
eight-output,V-431 
single-transistor design, 1-476 
splitter. HI-582, V-430 
long-tail pair, V-430 
phase-locked loop, V-347 
infrared laser light receiver, VI-294 
lock detector, VI-176-177 
tracker, three-phase square wave 
generator, 11-598 
phasorgun, 1-606, IV-523 
phonograph-related circuits (see 
stereo/phonograph circuits) 
photo-conductive detector amplifier, 
four quadrant, 1-359 
photo memory switch for ac power 
control, 1-363 
photo stop action, 1-481 
photodiode/photoelcclrie circuits 
ac power switch, HI-319 
alarm system, 1-13, U-4 
amplifiers, 1-361, 11-324,111-19, III- 
672, VI-301, Vl-302 
battery charger, solar, 11-71, V-327 
comparator, precision, 1-360 
controller, IV-369 

current-to-vollage converter, 11-128 
flasher, photocell-controlled, TI-232 
integrator, photocurrent, 11-326 
level detector, precision, 1-365 
light controller, IV-3f)9 
log converter/transmitter, VI-312 
monoslable photocell, self-adjust 
trigger, 11-329 
output-gating circuit, 
photomultiplier, 11-516 
BIN, thermally stabilized signal 
conditioner with, 11-330 
PIN-lo-frequency converters, HI- 
120 

preamplifier for IR photodiode, V- 
226 

sensor amplifier, IT-324 
smoke alarm/deteefors, 1-595,1-596 
solar power supply, VI-311, VI-312 
source follower, HI-419 
sun tracker, VI-299, Vl-312 


switches, 11-321,11-326, III-318, ill- 
319 

photoelectric.sensor, V-277 
photography-related circuits, 11-443- 
449,111-443-449,1V-378-382, V- 
432-438, VI-465-468 
auto-advancc projector, 11-444 
camera alarm trigger, III-444 
camera trip circuit, IV-381 
charger for photoflash capacitor, 
VI-466 

contrast meter, 11-447 
darkroom enlarger timer, 111-445 
darkroom timer, V-436 
electronic flash trigger, 11-448, HI- 
449 

enlarger exposure meter, V-438 
enlarger light meter, V-434-435 
enlarger timer, 11-446 
exposure meter, 1-484, V-438 
flash meter, III-446 
flash slave driver, 1-483 
flash slave unit, V-433 
flash triggers 
electronic, 11-448 
remote, 1-484 
sound-triggered, 11-449 
time delay, V-433 
xenon flash, 111-447 
light meter, Vl-308, VI-350 
light meter, enlargers, V-434-435 
photo-event timer, IV-379 
photoflash, electronic, III-449 
picture flxor/inverter, III-722 
shutter speed Lester, 11-445 
slave-flash unit trigger, IV-380, IV- 
382, V-433, V-436 

slide projector auto advance, rV-381 
slide-show timer, III-444. III-448 
slide stepper for projector, Vr-467 
sound trigger for flash unit, 11-449, 

IV- 382 

strobe, V-435, V-436, V-437, VI-468 
time-delay flash trigger, IV-380, V- 
433 

photomultipliers 

high-voltage power supply, V-444, 

V- 445 

phototransistor, V-.279 
ajuplifier, V-409 
variable-sensitivity, V-409 
timer, 1-485 

xenon flash trigger, slave, 111-447 
picoammeters, 1-202,11-154,111-338 
circuit for, 11-157 
guarded input circuit., 11-156 
picture fixer/inverter, Ill-722 
Pierce oscillators, V-140 
1-MHz, III-134 
crystal,'1-195,11-144 
harmonic, 1-199,11-192 
JFET, 1-198 
low-frequency, 111-133 
piezoelectric circuits, V-439-441, VI- 
469-470 

alarm, 1-12, V-10 
buffer circuit, VI-470 
drivers, V-440, VI-470 
555 oscillator, V-441 
CMOS, V-440 
micropositioner, V-440 
temperature controller, fan-based, 
HI-627 
PIN diodes 

filter selection circuit, VI-213 
test circuit, VI-353 
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PIN photodiode-to-frequency 
converters, III-120 
pink noise generator, 1-468 
pipe detector, metal pipes, V-323 
plant-watering accessories, 1-443, II- 
245,11-248 

playback amplifier, tape, 1-77 
PLL/BC receiver, 11-526 
pocket pager, III-288 
polar-to-rectangular converter/ 
pattern generator, radio 
direction finder, V-288 
polarity converter, 1-166 
polarity gain adjustment, op amp 
circuit, V-400 
polarity indicator, V-231 
polarity-protection relay, IV-427 
polarity protector, VI-526 
polarity-reversing amplifiers, low- 
power, III-1G 

poller, analog-to-digital convertors, 

V- 28 

polynomial generator, V-287 
position indicator/controller, tape- 
recorder, 11-615 

positive input/negative output charge 
pump, 111-360 

positive regulator, NPN/PNP boost. 
111-475 

potentiometers, digital control, V-158 
power amplifiers, 11-450-459, III-450- 
456 

2 - to 6-watt audio amplifier with 
preamp, 11-451 
10 W, 1-76 

12 W low-distortion, 1-76 
25 W, 11-452 

90 W, sale area protection. 11-459 
AM radio, 1-77 

audio, 11-451, III-454, IV-28-33 
20-W, 111-456 
50-W, 111-451 
6 -W, with preamp, III-454 
booster, 11-455 
bridge audio, 1-81 
bull horn, 11-453 
class-D, 111-453 

GaAsFET with single supply, 11-10 
hybrid, 111-455 
inverting, 1-79 
low-distortion, 12 W, [-76 
low-power audio, 11-454 
noninverling, 1-79 
op amp/audio amp, liigh-slew r rate, 
1-82 

output-stage booster, 111-452 
portable, 111-452 

rear speaker ambience amplifier, II- 
458 

rf power amplifier 
1296-MHz solid state, 111-542 
5W, 11-542 
600 W, 1-559 
switching, 1-33 
two-meter 10 W, 1-562 
Walkman - amplifier, 11-456 
power line circuits, VI-471-475 
ac power controller, VI-472-473 
ac power line monitor, VI-473 
low voltage power controller, Vl-475 
modem for computer control, V1-474 
power meter, VI-333 
power supplies (see also voltage 
indicators/meters), 11-460-486, 
III-464, V-448-472, VI-476-498, 

VI- 506-519 


0- to 30-V supply, VI-518 

0- to 5-V supply, VI-516 

t-1.5-V supply for ZN416E circuits, 

V- 469 

3.3-V from 5-V logic supplies, VI- 
492 

+5 V supply, V-471. VI-481, VI-491, 

VI- 495 

5-A constant-voltage supply, VI-498 
± 5 to ± 35 V tracking, V-469 
0- to 12-V, V-l A variable, V-460 

9- V supply, VI-485, VI-495 

10- MHz frequency standard, Vl-335 
12 -V supply. Vl-492, VI-493 

1 2 : Vdc regulated supply, Vl-497 
13.8-Vdc, V-2 A regulated, V-459 
± 15-V supply, VI-513 
20-V adjustable, V-461 
5V power supply with momentary 
backup, 11-464 
5V, 0.5A power supply 1-491 
8 - from 5-V regulator, V-469 
2,000 V low-current supply, IV-636- 
637 

AA cells, +5 V/+3.6 V, V-452 
ac outlet tester, V-318 
ac power controller, Vl-472-473 
ac power line monitor, VI-473 
ac wiring locator, V-317 
ae-watts calculator, V-304 
adjustable current limit and output 
voltage, 1-505 
adjustable 20-V, V-4G1 
adjustable supply, VI-517 
amateur radio amplifier, I.2-kW 
144-MHz, Vl-18 
amplifiers, audio, 
dual power supply, V-465 
subwoofer power supply, V-464 
antique radio dc filament supply. V- 
470 

are lamp, 25W. 11-476 
arc-jet, starting circuit, III-479 
automotive-accessory power 
controller, V-70 

aulomolive audio system supply, 
VI-103, VI-483 

automotive power supply, VI-513 
balance indicator, ill 494 
battery (see battery-related 
circuits) 

battery charger and, J 4V, 4A, 11-73 
battery power pack, 1-509 
bench top, 11-472 
benchtop, dual output, 1-505 
bias regulator, Vl-519 
bipolar 

battery instruments, 11-475 
tracking double-output., V-449 
booster, 1-28,1-33, V-349 
buck regulator, add 12-V output to 
5-V, V-472 

OOF.L supplv with variable contrast. 
VI-510 

charge pool. 111-469 
configurable, V-455 
connections-monitor, ae lines, III 
510 

consumption limiters, 111-572 
consumption monitor, V-290 
controllers, IV-383-389, V-l 11-115 
ac switches, IV-387, V-l 12, V-l 15 
ac voltage control, V-l 14 
automotive-accessory power, V- 
70 

bang-bang controllers, IV-389 


burst-type control, III-362 
current-loop control, SCR 
design, IV-387 

dual-control ac switch, V-l 15 
high-side switches, 5 V supplies, 
1V-384, IV-385 
monitor, SCR design, IV-385 
MOSFET switch, IV-386 
overvoltage protection, 1-150, 
1-517,11-96,11-107,11-496,111- 
513, III-762, IV-389 
power controller, universal 
design, IV-388 
power-down circuit, V-l 14 
pushbutton switch, IV-388 
three-phase, power factor 
control, 11-388 
converter 

225-W 15-V output, VI-148-149 
inductor! ess, V-456 
current limiter, V-146, V-358, V-458 
current regulator, 100-mA, id-478, 
Vl-489 

current sources, 1-205,1-697, V- 
141-143, VI-161-163 
0-t.o-200-nA, rV-327 
bilateral, 111-469,1-694-695, V-143 
bipolar sources, 1-695,1-697 
constant, 1-697, III-472 
fixed power supplies, IV-405, IV- 
406 

low-current source, IV-399 
low-resistance, V-l 42 
negative, V-143 
ol'l'set-adjusting, V-l 45 
positive, V. 142 
precision, 1-205,1-206 
regulator, variable power supply, 
III-490 

variable power supplies, voltage- 
progranuiiable, IV-420 
voltage-controlled, grounded 
source/load, III 468 
dc-to-dc SMFS variable 18V to 30 V 
out at 0.2A, 11-480 
dc power circuit, NE602-based, V- 
358 

dc power source, VI-511 
dc supply, VI-480, VI 481, VI-49G_ 
delay circuit, V-l48 
differential voltage-to- c u rrent. 

converter, VI-153 
disconnector, low-voltage, 11-97 
dual polarity, 1-497 
dual power supply, amplifiers, V- 
465 

ELF monitor, VI-386 
experimenter's power source, VI- 
507, VI-611 

failure/outage alarms/monilors, I- 
581-582,11-107,11-486,11-175, II 
491-497,111-493-495, III 511, 
TV-422-427 

backup supply, drop-in main- 
activated, IV-424 
balance monitor, 111-494 
booster/buffer, boosts reference 
current, IV-425 

circuit breaker, trip circuit, 1V-423 
connections monitor, ac lines, 
III-510 

fault monitor, single-supply, 111- 
■195 

memory protector/supply 
monitor, IV-425 

polarity-protection relay, IV-427 
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power supplies continued 
SCR design, IV-385 
test load, constant-current, FV- 
424 

triae for ac-voltage control, IV-426 
tube amplifier, high-voltage 
isolation, IV-426 
voltage sensor, IV-423 
fixed power supplies (see fixed 
power supplies) 

flash memory programming supply, 
+12 volt, VI-138 
flyback power supply for radon 
detector, VI-531 
I'oldback current limiter, VI-477 
Frequency, power/frequency meter. 

II- 250 

fuses, V-477, V-478 
gain, power-gain test circuit, 60 
MHz, 1-489 

general-purpose, 111-465 
glitch detector, 11-107, VI-178 
grid leak detector, VI-179 
liigh-voltage (see high-voltage 
power supplies) 

1C regulator protector, Vl-483 
increasing zener diode power 
rating, 11-485 

induclorless converter, V-456 
inverters, III-298, V-457 
12 VDC-to-117 VAC at 60 Hz, 111- 
294 

medium, III-290 
MOSFET, 111-295 
isolated feedback, III-460 
isolation transformer, V-349, V-470 
laptop-computer supply, V-463 
laser power supplies, IV-636, V-251, 
V-252, V-253, V-254, Vl-291, VI- 
295 

Level sensor, voltage level, 111-770 
logic regulator, 5-V, with electronic 
shutdown, VI-496 
loss detector, 11-175 
low-ripple, 1-500 
low-voltage power controller, VI- 
475 

LTC, single supply, V 454 
meters, power meters, 1-489 
audio, 1-488 
frequency and, 11-250 
rf. 1-16 
SWR, 1-16 

memory save on power-down, II- 
486. IV-425 

micropower bandgap reference, II- 
470 

microprocessor power supply 
watchdog, 11-494 
modem, power-line, 111-82 
monitors, 11-491-497, III-493-495. 

IV-422-427 

backup supply, drop-in main- 
activated, iV-424 
balance monitor, 111-494 
booster/buffer, boosts reference 
current, IV-425 

circuit, breaker, trip circuit, IV-423 
connections monitor, ac lines, 

III- 510 

fault, monitor, single-supply, IU- 
495 

memory proLoc.Lor/supply 
monitor, IV-425 

polarity-protection relay, 1V-427 
SCR design, IV-385 


lest load, constant-current, IV-424 
liiae for ac-voltage control, IV-426 
tube amplifier, high-voltage 
isolation, IV-426 
voltage monitors (see voltage 
ii idica tors/meters) 
multiple output, VI-506-513 
multi voltage supply, V-458 
NR602 power supply options. VI- 
484 

negative supply, V-457 
neon lamp driver, V-5- t.o 15-V 
supplies, V-459 

noise detector for ac circuits, VI- 
184 

notebook computer triple-output 
supply, VI-512 

outage light, line-operated, 111-415 
overload indicator, V-478 
overvoltageprotection, 1-150,1-517, 
11-06,11-107, IJ-496, m-513, HI- 
762, IV-389, V-480 
polarity protector, VI-526 
power saver for computer monitors, 
VI-139 

power-down circuit, V-l 14 
programmable, III-467 
protection circuits, 1-515,1-518, II- 
98,11-107,11-474,11-486. IJ-496, 

11- 497,111-511, IV-425, IV-427 
push-pull, 400V/60W, 11-473 
quad power supply, VI-508 
rectifiers, V-464, V-466, VI-490 
reference, 1-694, VI-496 
regulated power supplies 

8 -amp, for mobile equipment 
operation, 11-461 
10 A, current and thermal 
protection, 11-474 

12- 14 V,3A,fT-480 
13.8-Vdc, V-2 A, V-459 
+15V 1 -A, 111-462 
-15V 1-A, III-463 
split, 1-492 

regulator loss cutter, V-467 
regulators (sun voltage regulators) 
reset circuit, 11-366 
short-circuit protection circuit, VI- 
526 

short-tester, V-313, V-315 
solar power supply, VI-311, VI-312 
solenoid driver, VI-202 
split, 1-512 

stand-by, non-volatile CMOS RAMs, 

II- 477 

subwoofer amplifier power supply, 

V-464 

sun tracker power supply, VI-312 
supply-voltage monitor, V-320 
switching power supplies, 11-466, II- 
470, lli-458, V-453, V-4C1. V-462, 
V-468, VI-479 
50-W orr-line, 111-473 
500 kHz swiicliing inverter for 
12V, 11-474 

complementary ac switch, 1-379 
control circuils, VI-494 
power-switching circuit, 11-466 
regulator, Vl-484 

SCR, for color TV receiver, VI-487 
variable, 100-kHz multiple-output, 

III- 488 

synchronous stepdown switching 
regulator, V-468 

telecom converter -48 to +5 V at 1 
A, V-472 


teleprinter loop supply, Vl-497 
three-rail, HI-466 
tracking power supply, V1-485 
transceiver supply for lab source, 

VI-517 

transformer tester, VI-354 
undervoltage detector/monitur, III- 
"762, IV-138 

uninterruptible, 11-462, III-477, V- 
471 

universal laboratory supply, V-45U- 
451 

vacuum-tube amplifier supply, VI- 
87 

variable power supplies, 111-487- 
492,1V-414-421, VI-514-519 
VFO supply, VI-511 
0-to 12-V, V-l A, V-460 
current source, voltage- 
programmable, 1V-42U 
do supplies, IV-418 
dual universal supply, 0-to-50 V, 

5 A, IV-416-417 
switch-selected fixed-voltage 
supply, IV-419 

switching regulator, low-power, 
111-490 

switching, 100-kH?. multiple- 
output, III-488 
tracking preregulator, 111-492 
transformerless supply, IV-420 
universal 3-30V, 111-489 
voltage regulators for variable 
supplies, 111-490,111-492, IV-421 
vocal stripper power supply, VI-373 
voltage doubler, V-460 
voltage probes, V-474 
voltage/current regulator, V-455 
voltage regulators (see voltage 
regulators) 

voltage sensor, power supplies, IV- 
423 

voltage-level, 111-770 
voltage sources 
millivolt, zeuerless, 1-696 
programmable, 1-694 
voltage splitter, 111-738 
preamplifiers, 1-41, V-26 
AGO audio preamp, VI-2 
amateur TV, masl-mounted, VI-37 
antenna-preamp 
HF broadband, V-36 
loop antenna, V-38 
VI .F 60-kilz, V-33 
wideband, V-35 

6 meter, 20 dQ gain and low-NF, 
11-543 

I OOOx, low-noise design, IV-37 
audio preamplifiers, 11-45 
2- to 6-watt. 11-451 
6 -W and, III-454 
audio-lo-UHF preamp, V-24 
balm iced microphone preamp, VT- 
77 

bias supply, IV-318 
dual audio signal amplifiers, V-58 
electret microphone preamp, V-21 
equalized, for magnetic phono 
cartridges, 111-671 
FET phono cartridge, VI-79 
frequency counter/divider, III-128, 
V-24 

UAasFET, rf amplifiers, V-516 
general purpose, 1-84, IV-42 
handitalkies, two-meter, 1-19 
HF, rf amplifiers, V-515 
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IF, 30 MHz, IV-460 
IR photodiode preamp, V-226 
impedance-matching, IV-37 
instrumentation amplifier, IV-230- 
231 

JFET, V-22 

light-beam activated alarm circuit, 
V-13 

LM382 phono, 1-91 
low-noise, 1-88,1-561,1V-41 
magnetic, 1-89,1-91,111-37. TTI-873, 

IV-35, IV-36 

medical instrument, 11-349 
microphone preamplifiers, 11-45, TV- 
37, IV-42, VI-56 

dynamic microphones, Vl-76, VI- 
79 

low-impedance, IV-41 
tone control for, 11-687 
transformerless, unbalanced 
input, 1-88 

transformerless, unbalanced 
input, 1-88 

microwave preamplifiers, IV-316- 
319 

mixers, 1-58 
NAB preamplifiers 
tape playback, professional, 111-38 
..record, III-673 
two-pole, III-673 

oscilloscope preamplifiers, 111-437, 
0-438, IV-230-231. V-423 
oscilloscope/counter, III-438 
power amplifier with preamp, 11- 
451, III-454 

read-head, automotive circuits, 111- 
44 

receiver interface, V-243 
receiver preamp, VI-553 
rf amplifiers, V-526, V-527 
RIAA, 0-38, Vl-80 
R1AA/NAR compensation, 1-92 
saw-filter impedance-matching 
preamp, VI-222 

stereo/phonograph preamps, 1-91, 

11-43,11-45, V-584 
low-noise, IV-36 

magnetic, 1-91, III-37, III-673, IV- 
35, IV-36 

tone control, V-581 
tape, 1-90 

thermocouple instnmentation 
amplifier, 0-283 
tone control preamplifiers, 1-675 
1 ugli-level, 11-688 
1C, 1-673, HI-657 
mixer, 1-58 

transistor RIAA for magnetic phone 
cartridges, VI-76 

transmit/receive sequencer, V-348 
UHF-TV, III-546 
ullra-low-leakage, 1-38, II-7 
VHF, 1-560 

VHF/UI1F, rf amplifiers, V-515 
video, V-660 
preregulators 

high-voltage power supplies, III-480 
tracking, 111-492 
prescalers 

data circuits, low-frequency, rV-132 
probe, amplifying, 650 MHz, 11-502 
preselectors, rf amplifiers, IV-483, IV- 
485, IV-488 
pressure gauge, V-314 
printer-error alarm, computer 
circuits, IV-106 


printers 

port, Vl-134-135 
printer-error alarm, IV-106 
printer sentry, computer circuits, 

V- 107-108 

two-sheets in printer detector, IV- 
136 

probes (see also measurement/test 
circuits), 11-498-504,111-496-503, 
IV-428-434, V-473-474, Vl-520- 
524 

100 K megaohm do, 1-524 
ac hot wire, 1-581 
audible TTL, 1-524 
audio-rf signal tracer, 1-527 
capacitance buffer 
low-input, III-498 
stabilized low-inpul, III-502 
clamp-on-current compensator, II- 

501 

CMOS logic, 1-523 

current probe amplifier, Vl-521 

FET, 111-501 

frequency probe, 8-digit, 100-MHz, 

VI- 524 

general purpose rf detector, 11-500 
ground-noise, battery-powered, 111- 
500 

logic probes, 1-520,1-525,1-526, IV- 
430-431, IV-434, Vl-522, VI-523 
CMOS, 1-523,1-526,111-480 
digital, HI-497 
four-way operation, TV-432 
memory-tester, installed, 1-525 
single-10 design, IV-433 
three-in-one test set: probe, 
signal tracer, injector, IV-429 
microvolt, H-499 
optical light probe, IV-369 
pH, 1-399, HI-501, Vl-523 
prescaler, 650 MHz amplifying, II- 

502 

..rf, 1-523, III-498, III-502, IV-433, VI- 
522 

single injector-tracer, 11-500 
test, 4-220V, HI-499 
three-in-one test set: logic probe, 
signal tracer, injector, IV-429 
tone, digital IO testing, 11-504 
universal test, probe, IV-431 
process control interface, 1-30, V-242, 

Vl-355 

processor, CW signal, 1-18 
product detector, 1-223 
prograiiunable amplifiers, 11-334, HI- 

504 508 

differential-input, programmable 
gain, 111-507 

inverting, programmable-gain, HI- 

505 

noninverting, programmable-gain, 

111-505 

precision, digital 
control/programming, III-506 
progruiiunuble-gain, selectable 
input, 1-32 

variable-gain, wide-range digital 
control, 111-506 

projectors (see photography-related 
circuits) 

protection circuits, 11-95-99, 111-509- 
513, V-475-483, VI-525-526 
12 ns circuit breaker, 11-97 
automatic power down, 11-98 
circuit breakers 
ac, HI-512 


electronic, high-speed, 11-96 
compressor protector, 1V-351 
crowbars, electronic, 11-99, IiI-510 
ear protector, V-482 
fuse, electronic, V-477 
halogen lamp protector, V-271 
heater protector, servo-sensed. Ill 
624 

IC regulator protector, Vl-483 
line protectors, computer I/O, 3 gP, 

IV- 101 

line dropout detector, 11-98 
line-voltage monitor, III-511 
loudspeaker protector, V-483 
low-voltage power disconnector. II- 
97 

modem protector, V-479 
modem/fax protector for two 
computers, V-482 
optica] safety-circuit switch, V-409 
overload indicator, V-478 
overvoltage protection, 1-150,1-517, 

II- 96, H-I07,11-496,111-518, HI- 
762, IV-389, V-480 

password protection for PCs, V-109 
polarity protector, VI-526 
polarity-protection relay for power 
supplies, IV-42 7 
power-down, 11-98 
power-failure alarm. III-511 
power-line connections monitor, ac, 
nr-510 

power supply, 11-497,1-518 
relay fuse, V-478 

reset-protection for computers, IV- 
100 

reverse polarity protection for 
battery pack, Vl-30 
safety circuit, V-477, V-481, V-483, 

V- 589 

short-circuit protection circuit, VI- 
526 

short-tester, V-313, V-315 
shutdown circuits, V-537-538 
speakei 1 protector, V-47G, V-479 
proximity sensors (see 

motion/proximity detectors) 
pseudorandom sequencer, III-301, V- 
351 

pulse circuits, rV-435-440 
amplitude discriminator, III-356 
coincidence detector, 11-178 
converters 

hcighl-to-width, III 1 19 

pulse trainto-sinusoid converters, 

III- 133 

counter, ring counter, low-power, 
TV-437 

delay, dual-edge trigger, HI-147 
detectors 
fast pulse, V-154 
missing pulse, V-152 
out-of-bounds pulse width, III-158 
sequence detector, II-172 
divider, non-integer programmable, 
11-511,111-226 

extractor, square-wave, HI-584 
generators, pulse generators, II- 
508-511, V-487-492, VI-699 
2-ohm, 111-231 
300-V, 111-521 
555-circuit, 1V-439 
add-on, V-488 
astable multivibrator, 11-510 
basic, V-488 
clock, 60 Hz, 11-102 
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pulse circuits continued 
CMOS short-pulse, 111-523 
dcla.yed-pulse, 11-509,1V-440, V- 
492 

divider, programmable, 11-51 1 , 
111-226 

E EPROM, 5V-powered, 111-99 
free running, IV-438 
interrupting pulse-generation. 1 
357 

logic, 111-520, V-489 
logic troubleshooting 
applications, rv r -43(l 
one-shot, V-490-491 
programmable, 1-529 
sawtooth-wave generator and, 
111-241, V-491 
single, 11-175 
train, pulse train, IV-202 
transistorized, IV-437 
two-phase pulse, 1-532 
unijunction transistor design, 1-530 
variable duty cycle, V-492 
very'low-duty-cycle, TIT-521 
voltage-controller and, 111-524 
wide-ranging, HI-522 
missing-pulse detector, V-152 
modulators 
pulse-position, HI-375 
pulse-width (PWM), 01-376, IV- 
326, VI-400-401, VI-402 
brightness controller, 111-307 
control, microprocessor 
selected, 11-116 

motor speed control, 11-376, HI- 
389 

multiplier circuit., 11-264,111-214 
oilt-of-bounds detector, III-158 
proportional -controller circuit, 
11-21 

servo amplifier, 111-379 
signal generator, VI-698 
speed eontrol/enorgy- 
reeovering brake, III-380 
very short., measurement 
circuit, 111-336 
oscillators 

fast, low-rluty-eycle, IV-439 
Start-stop, stable design, IV-438 
pulse-position modulator, III-375 
stretchers, IV-440 
negative pulse stretcher, IV-436 
positive pulse stretcher, IV-438 
supply circuit, high-voltage, power 
supplies, IV-412 

width, out-of-bounds pulse width 
detector, III-158 
pulse-dialing telephone, III-010 
pulse-widtli-lo-voltage converters, 
ru-117 

pulse-width modulators (PWM), ITT 
376, IV-326 

brightness controller, III-307 
control, microprocessor selected, il 
116 

motor speed control, 11-376, III-389 
multiplier circuit, 11-264. III-214 
out-of-bounds detector, III-158 
proportional-controller circuit, H -21 
servo amplifier, III-379 
speed control/energy-recovering 
brake, III-380 

very short, measurement circuit., 
111-336 

pulse/tonc dialer, single-chip, III 603 
pulsors, laser diode, III-311 


pump circuits 

controller, single chip, 11-247 
positive input/negative output 
charge, 1-418 

push switch, on/off, electronic, 11-359 
push-pull amplifier, Darlington, V-22 
push-pull power supplv, 400V/60W, 
11-473 

pushbutton power control switch, IV- 
388 

PUT circuits 
battery chargers, IIT-54 
long-duration timer, 11-675 
pyrometer, 1-654, V3-640 

Q 

Q-multiplicrs 
audio, 11-20 
transistorized, 1-566 
QRP circuits 

18-, V-21-, V-24-MHz, V-644-645, 
GW transmitter, III-690 
sidelone generator/code practice 
oscillators, V-102 
SWR bridge, III-336 
transmitters, V-10-M DSR with 
VFO, V-638-639 

quad op amp, simultaneous waveform 
generator using, 11-259 
quadrature oscillators, 1H-428, VI-444 
square-wave generator, ITT-585 
quiz master game, V-210 

K 

race-car motor/crash sound 
generator, HI-578 

radar detectors, 11-518-520, IV 441- 
442, VI-527-529 
one-chip, 11-519 
radar guns, VI-528. Vl-529 
radiation detectors, H-512 517, Vi- 
530-533 
alarm, II-4 

Geiger counter, VI-531 
• ion detector, VI-533 
micropower. 11-513 
monitor, wideband, 1-535 
photomultiplier output-gating 
circuit, 11-516 

pocket-sized Geiger counter, 11-514 
radon detector, VI-531, VI-532-533 
radio/rf circuits 

aircraft receiver, VI 118- to 136- 
MHz, VI-542 

AM and shortwave, uc/dc vacuum- 
tube design, VI-536-537 
AM radio 

broadcast trap, SW receivers, VI- 
214 

car-radio to short-wave radio 
converter, IV-500 
demodulator, 11-160 
detector, 455-kllz, Vl-184 
power amplifier, 1-77 
receivers, 11-525,111-81, IH-529, 
HI-535, IV'-455. V-496, V-497, 
V-502, VI-5135, Vl-547, VI-550, 
VT-552 
AM/FM radio 
dock radio, 1-543 
squelch circuit, 11-547, HI-1 
amateur radio, HI-260, HI-534. HI- 
675 

transceiver relay interface, V-243 
VFO, V-502 


voice i rlen ti tier, V-550 
amplifiers (see rf amplifiers) 
antique radio dc filament power 
supply, V-470 

antenna, remote tuned active HF, 
VI-62 

attenuator, IV-322 
automotive receiver, 11-525 
beat-frequency oscillator, Vl-462 
bridge, 50-MHz bridge circuit, V--30-3 
broadband, 11-546,111-264, IV-271 
broadband antenna, miniature (3 to 
30 MHz), VT-63 

burst generators, portable, 111-73 
calibrator, V-298 
carrier-current, circuits, 111-78-82, 
IV-91-93 

AM receiver, 111-81 
audio transmitter, 111-79 
data receiver, 1V-93 
data transmitter, IV-92 
FM receiver, 111-80 
intercom, 1-146 
power-line modem, 111-82 
receivers, 1141,1-143,1-145,1-146 
relay, 1-575, JV-461 
remote control, 1-146 
transmitters, 1-144 
IC, 1-145 

on/off 200 kHz line, 1-142 
clock, 1-542 
converters, 1V-494-501 
ATV receiver/converter, 420 
MHz, low-noise, 1V-496, IV-497 
HF receiver, VI-147 
radio beacon converter, IV-495 
receiver frequency-converter 
stage, 1V-499 

SW converter for AM car radio, 
IV-500 

two-iueler, IV-498 
up-converter, TVRO subcan ier 
reception, IV-501 
VLF converter, IV-497, V-121 
WWV converter, VI-147 
WWV for car radio, V-l 19 
WWV-io-SW converter, IV-499 
receiving converter, 220 MHz, 
IV-500 

crystal radio detector, VI-182 
crystal radio receiver, VT-549, VI- 
557 

current readout, 1-22 
CW-rclated circuits 
filter, 11-219, VI-405 
identifier, VI-408 
..keying circuits, fV-244 
offset indicator, IV'-213 
SSB/CW product, detector, 1V-139 
SSB/CW receiver, V-499 
transceiver, 5 W, 80-meter, 1V-602 
transmitters, HI-678,111-684, HI- 
686 , III-690, IV-601, Vl-664 
detector, 11-500, IV-433 
direction finder, radio signals, IV- 
148-149 

polar- 10 -rectangle co n veiter/ 
pattern generator, V-288 
double -sid eban d suppressed-carrier 
modulator, 111-377 
rf, 11-366 
FM radio, 1-545 
5 V, 1-233 
12 V, 1-233 

automobile radio diversity 
antenna, Vl-64-65 
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bug, Vl-662 

clock radio, AM/FM, 1-543 
demodulators, 1-544,11-159,11-161 
high frequency oscillator, VT-456 
IF amplifier with quadrature 
detector, TV sound IF, 1-690 
generators, low-frequency, HI-228 
receivers, 1-338,1-361, III-80,111- 
530,111-532, V-495 
scanner noise squelch,-VI-579 
snooper, 1(1-680 

speakers, remote, carrier-current 
system, 1-140 

squelch circuit, for AM, 1-547 
stereo demodulation system, I- 
544,11-159 

stereo transmitter, VI-662 
I’M/AM receiver, VO-541 
transmitters, 1-361,1-367,1-681, 

II- 417,111-687-688, IV-228 
tuner, 1-231, IH-529 

wireless microphone, 111-082, HI- 
685, 111-691 
genie, 11-421 

input circuits, NE602, V-500 
IF filter for shortwave receiver, VI- 
212 

line sampler, VI-30 
linearized RF detector, VI-177 
measurement/test circuits, IV-297- 
303, V-412 

modulators, 1-436,11-369, HI-372, 
111-374 

Morse code circuits, VI-404-409 
oscillators, 1 550-551,1-572, V-528- 
532, VI-448-459 
5 Mllz VFO, 11-551 
6.5 Mllz VFO, V-529 
liam band VFO, V-529 
N13602 circuit, V-631 
transmitter and, 27 MHz and 49 
MHz, 1-680 
rf-genie, 11-421 

shortwave pulsed-inarker, V-532 
sidclone, rf-powered, 1-24 
signal generator, V-530-531 
output indicator, IV-299 
NB FM audio amplifier, VI-74 
power meters, 1-16,1-24,111-332, HI- 
592 

portable-radio 3 V fixed power 
supplies, IV-397 

probe, 1-523, III-498,111-502, Vl-522 
radio beacon converter, IV-495 
radio-commercial zapper, V-334- 
335 

RC receiver relay interface, VI-551 
receivers, VI-551 
AM radio, 11-525,111-81, Hl-529, 

III- 535, IV-455, V-496, V-497, 
V-502 

automotive receiver, 11-525 
carrier-current, 1-141,1-143,1- 
145,1-146 

CW/SSB receiver, V-80- and 40- 
meter, V-499 
data receiver, IV-93 
FM radio, 1-338,1-361, III-80, Hl- 
529, m-530, IH-532, V-495 
old-time design, 1V-453 
radio-control receiver/decoder, I- 
574 

reflex radio receiver, IV-452 
regenerative receiver, VI-551, VI- 
554, VI-555 

short-wave receiver, TV-454 


signal-strength indicator, Vl-260 
superheterodyne, V-503 
TRF radio receiver, IV-452 
VLF whistler, V-496 
RF power meter, VI-348 
scanner silencer circuit, Vi-579 
scanners, VI-578-580 
series/shunl PIN-diodc RF switch, 
Vl-610 

shortwave transmissions 
converters, 111-114,1V-500 
FET booster, 1-561 
interference trap, Vl-214 
receiver, IV-454, Vl-540, Vl-543, 
Vl-544-545, VI-546, Vi-556 
single-sideband (SSB) 
communications 

CW/SSB product detector, IV-139 
driver, low-distortion 1.6 to 30 
MHz. 11-538 
generators, LV-323 
transmitter, crystal-controlled 
LOfor, 11-142 

signal tracer probe, audio, 1-527 
sniffer, 11-210 
static detector, IV-276 
superheterodyne receivers, V-503, 
VI-553 

switch, low-cost, 111-361 
tuned collector oscillator, for AM 
broadcast band, VI-454 
two-band radio receiver, VI-548 
UHF scanner active unleiuia, VI-67 
vacuum tube amplifier, Vi-72-73, 
VI-87 

variometer-tuned radio receiver, VI- 
667 

VHF/UHF diode switch. IV-544 
VLF converter, V-121 
VLF whistler receiver, V-496 
voltmeter. 1-405, III-766 
waveguides, VI-703-704 
WWV converter for car radio, V-l 19 
WWV receiver, VI-538-539, VI-558 
radio beacon converter, IV-495 
radio-control circuits (see also 
remote control devices) 
audio oscillator, 11-567, III-555 
motor speed controller, 1-576 
phase sequence reversal by, 11-438 
oscillator, emitter-coupled, 11-266 
receiver/decoder, 1-674 
single-SCR design, 11-361 
radioactivity (see radiation 
detectors) 

mdon detector, VI-531, VI-532-533 
rain warning beeper, 11-244, IV-189 
RAM, non-volatile CMOS, stand-by 
power supply, 11-477 
ramp generators, 1-540,11-521-523, 
111-525-527, IV-443-447 
556 based, V-203 
accurate, 111-526 
integrator, initial condition reset, 
111-527 
linear, 11-270 
variable reset level, 11-267 
voltage-controlled, IT-523 
ranging system, ultrasonic, 111-097 
RC decade box, V-294-295 
RC receiver relay interface, VI-551 
reaction timer. IV-204 
read-head pro-amplifier, automotive 
circuits, 111-44 

readbaek system, disc/tape phase 
modulated, 1-89 


receivers, (see also transceivers; 
transmitters). 11-524-526, III- 
528-535, IV-448-460, V-493-503. 
VI-534-558 

50 kHz FM optical transmitter, I~ 

361 

acoustic-sound receiver, IV-311 
AGO system for CA3028 IF 
amplifier, rV-458 

aircraft, receiver, 118- to 136-MHz, 
VI-542 

AM and shortwave, ac/dc vacuum- 
tube design, VI-536-537 
AM radio, 11-525, III-81, III-529, HI- 
535, IV-455, V-496, V-497, V-502, 
VI-535, VI-547, VI-550, VI-562 
mixer/oscillator for AM receivers, 
V-412 

analog, 1-545 

ATV rf receiver/eonverter, 420 
MHz, low-noise, [V-496, IV-497 
audio circuit, IV-31 
audio receiver, visible-light, V-261 
automotive radio, 11-525 
automobile security system, VI-11 
baby-alert, carrier-current circuit, 
V-96 

bandswitching for receiver, VI-608 
carrier current, 1-141,1-143,1-145, 
1-146 

carrier-operated relay (COR), IV- 
461 

CMOS line, 1-546 
crystal radio receiver, VI-549, VI- 
557 

CW/SSB receiver, 80- and 40-meter, 

V- 499 

data receiver/message demuxer, 
three-wire design, IV-130 
direct-conversion receiver 
7-MHz receiver, VI-153 
160-to-20 meters, V-494 
hum reducer, V-347 
NE602, V-498 
fiberoptic receivers 
10 MHz, 11-205 
50-Mb/s, III-181 
data receiver, VI-207 
digital, 111-178 

Iiigh-sensitivity, 30nW, 1-270 
low-cost, 100-M baud rate, IH- 
180 

low-sensitivity, 300nW, 1-271 
very high-sensitivity, low-speed 
3nW, 1-269 

FM radio, 1-338,1-361, HI-80, HI- 
529, III-530,111-532, V-495 
light-beam, V-259 
FM/AM receiver, VI-541 
FSK data, 111-633 
ham-band, 111-534 
hum reducer, V-347 
[F amplificr/reeeivers, 1V-469, IV- 
460 

infrared, 1-342,11-292, Hi-274, IV- 
220-221, V-226, V-229, VI-268, 

VI- 294 

audible-output, VI-271 
data-link, VI-265 
FM audio reception, VI-268 
headphones, V-227 
single-tone, VI-270 
wireless headphones, VI-269 
laser, IV-368. VI-292 
LED lightwave communications, VI- 
310 
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receivers continued 
I.F receiver, 1V-451 
line-type, 111-532, III-534, V-497. VI- 
542, Vi-552 
MIDI receiver, V-392 
modulated-lighl receiver, V-258 
monitor for, 11-526 
optical receivers, 1-364,11-418. IV- 
-367, IV-368 

photo receiver, optimized response, 
V 405 

PLL/BC, 11-526 
preamp for receiver, VI-553 
preamp receiver interface, V-243 
PTT control from receiver audio, 
Vl-28 

pulse-frequency modulated, IV-453 
radio control, decoder and, 1-574 
radio (see radio/rf circuits, 
receivers) 

RC receiver relay interface, VI-551 
receiver/scanner preamp with MAR- 
1 MMIC, V-521 

regenerative receiver, IV-449, VI- 
551, Vi-554, VI-555 
remote-control, V-510, V-513 
rf input, circuits, NE602. V-500 
RS-232 to CMOS, III-102 
S meter, V-311 

•shortwave receiver, fV-454, V-501, 
VI-540, VI-556 
AM broadcast trap, VI-214 
nine-band, VI-544-545 
regenerative, onc-tube, VI-546 
toroidal core TRF, VI-543 
noise limiter circuit, V-397 
signal-reception alarm, III-270 
signal-strength indicator; VI-260 
SSB receiver, VI-80-meter, VI-29 
superheterodyne receiver, IV-450- 
451, V-503, VI-21, VI-553 
tracer, 111-357 

transceiver memory backup, VI-28 
transceiver T/R switch, VI-610 
transceivcr/mixcr, HF, IV-457 
transmit/rcceive sequencer, 
preamp, V-348 

twisted-pair video driver/receiver 
circuit, VI-682 

t wo band radio receiver, VI-548 
ultrasonic, 111-698, III-705, VI-070 
CW transceiver, VI-669 
ultrasound, Doppler, V-651 
varloinelcr-luncd radio receiver. VI- 
557 

VI.F wtiisllcr receiver, V-496 
video lino receiver, VI-550 
voice-communication, light-beam, 
V-260 

WWV receiver, VI-538-539, VI-558 
zero center indicator for FM, 1-338 
recording devices (see tape-recorder 
circuits) 

reetangular-Lo-triangular waveform 
converter, IV-116-117 
rectifiers, 11-527-528.111-536-537 
absolute value, ideal full wave. II- 
528 

averaging filter, 1-229 
bridge rectifier, fixed power 
supplies, IV-398 
broadband ae active, IV-271 
diodeless, precision. III-537, V-466 
dual voltage-rectifier, V-464 
full-wave rectifiers, IV-328. IV-650 
averaging filter, V-191 
op amp design, V-403 


absolute value, ii-528 
precision, 1-234, ill-537 
silicon-coiitrolicd (SCR), 1-375 
half wave, 1-228,1-230.11-528, IV- 
325 

high impedance precision, for ac/dc 
converter, 1-164 

inverter/reetifier, programmable op- 
amp design, 1V-364 
low-forward-drop, ill-471 
precision, 1-422 

silicon-controlled rectifiers (SCR) 
annunciator, self-interrupting 
load, 1V-9 
chaser, 111-197 
crowbar. 11-496 
flashers, 11-230, III-195, IIM97 
flip-flop, 11-367 
gas/smokc detector. 111-251 
prercgulalor, 11-482 
proximity alarm, 111-517 
radio control using. 11-361 
relaxation flasher, 11-230 
relaxation oscillator, I1I-430 
ring counter, 111-195 
tester, 111-344 

time delay circuit with, 11-670 
t.riggeringjseries, optically 
coupled, 111-411 
synchronous, phase detector- 
selector/bulanced modulator, HI- 
441 

two phase, V'l-490 

redial, electronic telephone set with. 

If 1-606 

reference voltages, 1-695, IH-773-775, 
VI-339, Vl-559-560 
10V, 1-696 
*3V, 1-696 
*5V, 1-696 

0 to 20 V power, 1-694.1-699 
amplifier, 1-36 

bipolar output, precision, 1-698 
dual-output regulator, VI-564 
dual tracking voltage, precision, I- 
698 

high stability, 1-696 
logic control for 78xx regulator, VI- 
562 

low-dropout, VI-566 
low-noise buffered, precision, 1-698 
low-noise regulator, Vl-56-5 
low-power regulator. 1-695 
low-voltago reference, VI-560 
mic.ropower l() V, precision, 1-697 
negative reference. VI-331, VI -560 
positive voltage, VI-560, VI-567 
power supply, buffered, VI-496 
ripple reduction in switching 
regulator, VI-565 
square wave voltage, precision. I- 
696 

standard cell replacement. 

precision, 1-699 
step-down regulator, VI-563 
surface-mount regulator, 3.3-V 1-A, 
VI 562 

surface-mount switching regulator, 
5- to 3.3-V, VI-567 
switching regulator, VI-567 
variable-voltage reference source, 

IV-327 

reference clock, three phase clock 
from, 11-101 

reflection oscillator, crystal- 
controlled, HI-136 

refieclomclcr, 1-16 


regenerative receiver, one-transistor 
design, IV-449 
registers, shift, 1-380,11-366 
driver, 1-418 

regulated power supplies 
8 -amp, 11-461 
10 -amp, current/thermal 
protection, 11-474 
12 to 14V at 3 A, 11-480 
13.8-Vdc, 2 A, V-459 
+ 15V 1-A, Jll-462 
-15V 1-A, 111-463 
split power supplies, 1-492 
regulators (see voltage regulators) 
Reinartz oscillator, Vi-450 
rejection filter, 1-283 
relaxation oscillator, HI-430. IV-376 
relays, 11-529-532,1V-471-475. V-504- 
507, Vi-568-572 
ae relays 

optically coupled, III-418 
photon coupler in, 11-412 
solid-state latching, IV-472 
AND circuit relay, Vl-316 
audio operated, 1-608 
hattery charger relay fuse, V-88 
bidirectional switch, IV-472 
capacitance, 1-130 
carrier-operated relays (COR), I- 
575, IV-461 

dark activated, V-275, V-279 
dc latching, optically coupled, HI- 
417 

delay-off circuit, 1V-473 
drivers, 1-264 

delay and controls closure time, 
11-530 

with strobe, i-266 
fast turn-on/delayed off relay, VI- 
572 

fuse, V-478 

high-impedance driver, VI-570 
latching relay alarm circuit, VI-569 
latching relay driver, Vl-570. VI-571 
latching relay, solid-stale, V-505 
light-beam operated on/off, 1-366 
light-sensitive, V-278, VI-304 
low’-frequency relay, VI-572 
momentary relay, Vl-569 
monostable relay, low-consumption 
design, 1V-473 
optically coupled relays 
ac, III 418 
dc latching, 111-417 
opt.oisolator, 1V-475 
OR circuit relay, Vl-316 
polarity-protection for power 
supplies, IV-427 
pulser, sensor-activated, V-507 
rf-actuated, HI-270 
ringer, telephone, III-606 
solid-state relays, 1-365,1-623, II- 
408,1)1-412,111-416, III-569-570, 
IV-472, JV-474, V-505-506 
sound actuated, 1-576,1-610 
telephone, 1-631 

thermostatic relay circuit, VI-643, 
VI-645 

time delayed, 1-219,1-663, V-506 
tone actuated, 1-576 
TR circuit, 11-532 
transistor relay driver, VI-571 
t.riac, contact protection, 11-531 
remote control devices (see also 
infrared; radio-control circuits), 
TV-224, V-229, V-508-513 
A/R switch, IR-controlled, V-225 
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ac switch hookup, two-way, V-592 
amplifier, 1-99 
analyzer, V-224 
carrier, current, 1-146 
drop-voltage recovery lor long-line 
systems, 1V-328 

extender, infrared, IV-227, V-512 
fax/tcleplione switch, iV-552-5-53 
infrared circuit, IV-224 
IR TV remote relay, Vl-263 
lamp or appliance, 1-370 
loudspeaker via IR link, 1-343 
loop transmitter for, III-70 
on/off switch, 1-577 
receiver, V-510, V-513 
ringer, telephone, HI-614 
sensor, temperature transducer, I- 
649 

servo system, 1-576 
telephone monitor, 11-626 
temperature sensor, 11-654 
tester, infrared, IV-228, V-228, V-229 
thermometer, 11-669 
transmitter, V-509, V-513 
interface, V-511 
ultrasonic, V-512 
transmitlcr/receiver, IR, 1-342 
ultrasonic tester, Vl-667 
video switch, 1V-619-621 
repeaters 
beeper, 1-19 

European-type, lone burst 
genera torfor, 111-74 
fiberoplie link, 1-270 
telephone, 111-607 
reset buttons 

ehild-proof computer reset, IV-107 
power-on, 11-366 

protection circuit for computer, IV- 
100 

resistance controller, digital, V-159 
resistance/conUnuity testers. 1-550,1- 
551, il-342,11-533,11-534,11-535, 

III- 345,111-538-540, IV-287, IV- 
289.1V-295, IV-296 

audible, V-317 
audible, adjustable, 11-536 
buzz box, 1-551 
cable tester, 111-539 
four-wire hookup, VI-335 
latching design, IV-295 
low-resistance eireuits, V-319 
olutuncLer, linear, 111-540 
PCB, 11-342,11-535 
ratiometric, 1-550 
RC decade box, V-294-295 
resistance-ratio detector, 11-342 
single chip checker, 11-534 
visual, V-293 

rcsistance-to-voltage converter, I- 
161-162 
resistors 
multiplier, 11-199 
programmable, Vl-363 
simulator, 100-W, VI-352 
voltage-controlled. 1-422 
resonator oscillator, varactor tuned 
111 MHz ceramic, 11-141 
restorer, video de, 111-723 
reverb effect 
analog delay line, 1V-21 
stereo system, 1-602,1-606 
reversing motor drive, dc control 
signal, 11-381 

rf amplifiers, li-537-549,111-542-547, 

IV- 476-493, V-514-527 


1 W, 2.3 GHz, 11-540 

2 meter FET power amplifier. V-52I 
10 W, 225-400 MHz, 11-548 

10-W, 10-M linear amplifier, V-520 
10 dR-gain, IT1-543 
2 to 30 MHz, m-544 

4 W amp for 900 MHz. IV-477 

5 W 150-MHz, HI-546 
5 W power, 11-542 

6 -meter kilowatt, 11-545 
6 -meter preamp, 20 dB gain and 
low-NF, IT-543 

20-W, V-l 296-MHz module, V-522 
20-W, V-450 MHz amplifier, V-519 
30-MHz, V-519 
60 W 225-400 MHz, ITI-547 
125 W, 150 MHz, 11-544 
455-kHz IF amplifier, V-522, V-523, 

V-524 

500 MHz, IV-491 
1,296 MHz, IV-486 
1,500 W, IV-478-479 
AGO, wideband adjustable, 111-545 
broadcast-band, 11-546, III-264, TV- 
487, V-516, V-517 
buffer amplifier with modulator, IV- 
490 

cascorie amplifier, IV-488 
common-gate, 450-MHz, 111-544 
GAasFET preamplifier, V-435 MHz, 
V-516 

HF preamplifier, V-515 
HF/VHF switchahle active antenna, 
V-524 

IF amplifier, 455-kHz, V-522, V-523. 
V-524 

IF amplifiers, 45-MHz, crystal filter, 
V 527 

isolation amplifier, 11-547 
t.C tuned, V-525 

linear amplifiers, TV-480-485, V-520 
low-distortion 1.6 to 30 MHz SSB 
driver, IT-538 

meter-driver, 1 -MHz, III-545 
MOSFET rf-amp stage, dual-gate, 
TV-489 

power amplifiers, 1-559,11-542, HI- 
542, V-517, V-519, V-521, V-525 
preamplifiers, V-527 
GasFET, V-516 
HF, V-515 

receiver/scanner with MAR-1 
MMIG, V-521 
VHF/1JHF, V-515 
-wideband, V-526 

preselectors. IV-4 A3, IV-485, IV-488 
receiver/scanner preamp with MAR- 
1 MMIG, V-521 
TV' sound system, V-519 
UHF, V-523 

UHF-TV amp/preamp, III-546, IV- 
482, IV-483 

VHF/ITHF preamplifier, V-515 
wideband amplifiers, IV-479, IV- 
489, IV-490-493, V-518, V-519, V- 
526 

rf circuits (see radio/rf) 

RGB video amplifier, III-709 
RGB-composite video signal 
converter, HI-714 
RGB-t.o-NTSC converter, IV-611 
RIAA line amplifier/driver, VI-77 
RrAA preamp. Vl-80 
ring counters 
20 kHz, H-135 
incandescent lamps, 1-301 


low-cost, 1-301 

pulse circuit, low-power, TV-437 
SCR, III-195 
triable timing, 11-134 
ring launcher game, electromagnetic, 
V-209 

ring-around flasher. LED, HI-194 
ringers, telephone, 1-628, IV-556 
detectors, ring detectors, 1-634,1- 
635,111-611,111-619 
extension-phone ringer, IV-561 
high-isolation; 11-625 
multi-tone, remote programmable. 
11-634 

musical, Et-619 
piezoelectric, I-63G 
plug-in, remote, II-G27 
relav, HI-606 

remote, 11-627, III-G14, IV-562 
..silencer, IV-557 
tone, 1-627,1-G28,11-630,11-631 
ripple suppressor, IV-175 
fixed power supplies, IV-396 
RLC oscillator, III-423 
rms-to-dc converter; 1-167,11-129 
thermal, 50-MHz, III-117 
true rms detector, 1-228 
road ice alarm, 11-57 
robots 

eyes for, 11-327 
light-seeking, 11-325 
rocket launcher, 11-358 
RON compensator, op amp and 
analog switch, VI-605 
room monitor, V-369 
root extractor, V-207. V-288 
rotation detector, 11-283 
roulette, electronic, 11-276, IV-205 
RS-232 interface 
CMOS-to, line receiver, III-102 
dataselector. automatic, 111-97 
drive circuit, low-power, 111-175 
LED circuit, 111-103 
line-driven CMOS circuits, IV-104 
RS flip-flop, 1-395 
RTD signal conditioners 
5V powered linearized platinum, II- 
650 

precision, linearized platinum, II-. 
639 

RTTY machines, fixed current 
supply, TV-400 

rumble filters, III-192, III-660, IV-175 
LM387 in, 1-297 
turntable, IV-170 

S 

S meter, III-342, V-311 
safe area protection, power amplifier 
with, III-459 

safety circuits (see protection 
circuits) 

safety flare, II-G08 
Sallen-Key filters 
10 kHz. 1-279 
500 Hz bandpass, 1-291 
current driven, V-189 
high pass, Vl-209 
low pass, VI-221 
active, IV-177 
equal component, 1-292 
second order, 1-289 
sample-and-hold circuits, 1-590, II- 
552-559, III-548-553, IV-502-503, 
V-533-534, VI-573-574 
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sampie-and-hold circuits continued 
x 1000,1-589 

4-channel niicropower, VI-574 
charge-compensated, 11-559 
de-glitch circuit, V-336-337 
last and precise, 11-556 
filtered, 111-550 

frequei icy -1 o- voltage c on ve rsion, 

IV-194 

high-accuracy, 1-590 
high-performance, H-5'57 
high-speed, 1-587-588,1-590, III-550 
infinite, 11-558 
inverting, 111-552 
JFBT. 1-586 
low-drift, 1-586, VI-574 
offset adjustment for, 1-588 
three-channel multiplexer with, HI- 
396 

track-ai id-hold, III-549,111-552 
sampling circuit 
hour time delay, 11-668 
RF line samplcr/coupler, VI-30 
saturated standard cell amplifier, II- 
296 

saw filter,-Vl-222 
sawtooth waves, Vl-575-577 
converter, fV-114 
generator, VI-577 
digital design, 1V-444, IV-446, V-491 
linear, V-205 

op amp design, VI-576, VI-701 
triggered, V-204 
oscillator modulator, 111-373 
pulse generator and, 111-241 
SC A (see silicon-controlled 
amplifiers) 
scale, I 398, V-297 
scaler, inverse, 1-422 
scanner, bar codes, III-363 
scanners, VI-578-580 
FM seamier noise squelch, VI-579 
receiver/scamicr preamp with MAR- 
1 MMIC, V-521 

shortwave converter for scanner, 
VI-580 

silencer circuit, VI-579 
Schmitt triggers, 1-593, III-153, V-350 
crystal oscillator, 1-181 
programmable hysteresis, 1-592 
square-wave generators. V-509, V 
570 

transistorized, V-204 
TTL-compatible, II-111 
without hysteresis, 1-592 
SCR (see silicon-controlled rectifiers) 
scramblers, audio (see also sound 
generate rs; voice -anti va ted 
circuits), IV-25-27 
telephone. 11-618 

voice scrambler/descrambler, 1V-26, 
rv-27 

scratch filters, IIT-189, IV-176 
LM287 in, 1-297 
second-audio program (SAP) 
adapter, III-142 
security circuits (see alarms: 
annunciators) 

sense-of-slope tilt meter, 11-664 
sensors (see alarms; fluid and 
moisture; light controlled 
circuits: motion/p roximily 
detectors; motor control circuits; 
smoke detectors; speed 
control! ers; te rn pcral urc-rclated 
circuits; tone controls) 


sequence indicator, phase. 1-476 
sequencer, pseudorandom, III-301 
sequential flaslicrs, 1-109,11-233, II- 
238 

sequential timer, I1I-65I 
series connectors, telephone, III-609 
servo amplifiers (see also motor 
controls), 1-452 
400 Hz, 11-386 
bridge type ac, 1-458 
ric, 1-457 

motor drive amplifier, 11-384 
servo systems' (see also motor 
controls) 
controller, 111-384 
remote control, 1-575 
shaper, sine wave, 11-561 
shielding, shield/linc driver, high¬ 
speed, VI-198 
shift registers, 1-380,11-366 
driver for, 1-418 
shifter, phase (see phase) 
ship siren, electronic, 11-576 
short-circuit proof lamp driver, 11-310 
short-circuit protection circuit, VI-526 
short-circuit tester/sensor, V-315 
computer remote data lines, IV-102 
for 120-V equipment, V-313 
shortwave transmissions 
AM broadcast trap, Vl-214 
AM and shortwave, ae/dc vacuum- 
tube design, VI-536-537 
converters, 111-114, IV-600, V-118 
FET booster, 1-561 
IF filter for shortwave receiver, VI- 
212 

interference trap, VI-214 
noise limiter, V-397 
notch filter, V-185 
pulsed marker rf oscillator. V-532 
receiver, 1V-454, V-501, Vl-540, VI- 
543, Vl-544-545. VI-546, VI-556 
scanner converted to shortwave, 
VI-580 

shunt, inultimclcr shunt, IV-293 
shutdown circuits (see protection 
circuits) 

shutoff, automatic, battery-powered 
projects, 111-61 
shutter speed tester, 11-445 
sidetone oscillator. rf-po\vered, 1-24 
sgnal amplifiers, audio. H-41-47. IV- 
34-42 

sgnal attenuator, analog, 

microprocessor-controlled, III- 
101 

signal combiner, 111-368 
signal conditioners, TV-649 
5V powered linearized platinum 
RTD, 11-650 

bridge circuit, strain gauge, 11-85 
linearized RTD, precision design, 11- 
639 

LVDT, 11-338 
thermally stabilized PIN 
photodiode. 11-330 
signal distribution amplifier, I 39 
signal generators (s«r; function 
generators; sound generators; 
waveform generators) 
signal injectors, 1H-554 555 
signal sources, crystal-controlled, H- 
143 

signal tracer, V-309 
three-in-one set.: logic probe, signal 
1 racer, injector, IV-429 


signal-strength meters, III-342.IV- 
166 

silent alarm, V-16 

silicon-controlled amplifiers (SCA), 
V-535 

converter, VI-151 
decoder. I 214,11-166,11-170 
demodulator. 11-150,111-565 
MPX-SOA receiver, iil-530 
suhearrier adapter for FM tuners, 
V-536 

silicon-controlled rectifiers (SCR) 
circuits 

annunciator, self-interrupting load, 

IV- 9 

chaser, III-197 
crowbar, 11-496 
flashers, 11-230,111-197 
chaser, III 197 
relaxation, 11-230 
ring counter, 111-195 
flip-flop, 11-367 
full-wave, 1-375 
gas/smoke detector, 111-251 
inverter anrl trigger, Vl-283 
motor speed controller, Vl-414 
preregulator, IT-482 
proximity alarm, 111 517 
radio control using, 11-361 
relaxation flasher, 11-230 
relaxation oscillator, ill-430 
ring counter, 111-195 
tester, IJI-344 

time delay circuit with, 11-670 
triggering series, Optically coupled, 
III-411 

switching supply for color TV, VI- 
487 

simulators 

EKG, three chip, 111-350 
inductor, 11-199 
VOR signals, 1V-273 
sine approximation circuit, VI-323 
sine-to-sqnare wave converter, IV- 
120, V 124, V-126, V-569. V-570 
sine-wave converter, VI-150 
sine-wave descrambler, 11-163 
sine-wave generators, IV-505, IV-506, 

V- 542, V-543, V-544, VI-701 
60 Hz, 1V-507 

audio, 11-564 
batterv powered, V-541 
I.C, 1V-507 
I.F, IV-512 

oscillator, audio. III-559 
square-wave and. tunable oscillator. 
111-232 

VLF audio tone, IV-508 
sinc-wavc inverter, VI-285 
sine-wave oscillators, 1-65,11-560-570. 
III-556-559; III-560, IV-504-513, 
V-539-544, VI-433 
1-Hz, V-542 

60-Hz. highly stable, V-540 
555 used as RC audio oscillator, 11 
567 

adjustable, 11-568 
audio. 11-562,11-564,111-559 
generators (see sine-wave 
generators) 

LC oscillator, low-frequency, 1V-509 
logic gate design, VI-440 
low-distortion, 11-561, VI-436 
one-IC audio generator, 11-569 
phase-shift., audio ranging, 1V-510 
programm abl e- frequ ency, 111-424 
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relaxation, modified UJT for clean 
audio sinusoids, 11-566 
sliapcr, sine-wave, V-543 
sine wave shaper, 11-561 
sinc/square wave TTL oscillator, IV- 
512 

two-lone generator, 11-570 
iwo-transistor design, TV-508 
variable, super low-distortion, TIT- 
558 

vcry-low-dis tort ion design, TV-509 
voltage-controlled oscillator, V-666 
Wien-bridge. I 66,1-70,11-566, TV- 
510, 1V-513, V-541 
sine-wave output buffer amplifier, I- 
126 

sine/cosinc generator, 11-260, VI-700 
sine/square wave converter, 1-170 
sine/squarc wave oscillators, 1-65 
easily tuned, 1-65 
TTL design, 1V-512 
tunable, 111-232 
sinks (see current, sources) 
single-pulse generator, 11-175 
single-sideband (SSB) 
communications 

CW/SSB product detector, IV-139 
CW/SSB receiver, V-499 
driver, low-dislorlion 1.6 to 30 MHz, 

11-538 

generators, IV-323 
receiver, 80-mctcr, Vi-29 
transmitter, crystal-controlled LO 
for, II-142 

sirens (see also alarms; sound 

generators), 1-606,11-571,111-560- 
568 

alarm using, 11-572,11-573.1V-514- 
517, VI-581-584 
7400,11-575 

adjustable-rate programmahle- 
frequency, III-563 
electronic, III-5G6, IV-515, IV-517. 
VI-583 

fire siren, VI-582 

generator for, 11-572 

hee-haw, 11-578, III-565 

high-power, 11-578 

linear 10, III-5G4 

low-cost design, IV-516 

multifunction system for, 11-574 

ship, electronic, II : 570 

sonic defender, IV-324 

Star Trek red alert, 11-577 

tone generator, 11-573 

toy, 11-575 

TTL gates in, TT-576 

two-state, III 567 

two-tone, 111-562, VT-584 

varying frequency warning alarm, 

II- 579 

wailing, 111-563, Vl-5a3 
warble-tone siren, IV-515, IV-516, 
V-7, Vl-582 
whooper, IV-517 
yelp oscillator, 11-577, III-562 
slave-flash trigger, IV-380, TV-382 
slide tuner, 111-444,111-448 
slot machine, electronic, V-211 
smart clutch, auto air conditioner, HI- 
46 

smoke alarms and detectors, 11-278, 

III- 246-253 
gas, 1-332 

ionization chamber, 1-332-333 
linc-opcratcd, IV-140 


operated ionization type, 1-596 
photoelectric, 1-595,1-596 
sniffers 

heat, electronic, III-627 
rf, 11-210 

snooper, FM, III-680 

socket debugger, coprocessor, III-104 

soil heater for plants, V-333 

soil moisture meter, IH-208 

solar circuits (see 

phot odiode/photoele ctric 
circuits) 

soldering iron control, V-327 
soldering station, IR-controlled, IV-225 
solenoid drivers, 1-265,111-571-573, 
VI-202 

12 -V latch, m-572 
hold-current limiter, III-573 
power-consumption limiter, 111-572 
solid-state devices 
ac relay, III-570 
electric fence charger, 11-203 
high-voltage supply, remote 
adjustable, III-486 
light sources, V-282-283 
load-sensing switch, V-285 
relays, III-5G9-570, V-505, V-506 
stepping switch, 11-612 
switch, line-activated, telephone, 
HI-617 

sonic defender, IV-324 
sound-activated circuits (see sound- 
operated circuits) 

sound effects (see sound generators) 
sound generators (see also burst, 
generators; function generators; 
sirens; waveform generators), I- 
605,11-585-593, TIT-559-568, HI- 
575, IV-15-24, IV-518-524, 

V- 394-395, V-556-567. VI-585- 
592 

acoustic field generator, V-338-341 
alarm-tone generator, V-563 
amplifier, voilage-controlled, IV-20 
ampliDer/coinpressor, low- 
distortion, 1V-24 
allophonc, III-733 
audio-frequency generator, V-416- 
417 

audio lone generator, VLF, IV-508 
autodrum, I1-5U1 

bagpipes, electronic, HI-561,1V-521 
beat-frequency, IV-371 
beeper, V-5-58 

bird chirp, 1-605,11-588,111-577, VI- 
589 

bongos, 11-587 
canary simulator. V-557 
chime generator, 11-604, IV-524 
chug-chug, 111-576 
color organ, VI-193 
complex sound-effect generator, VI- 
586 

dial tone, 1-629.111-609 
ditherizing circuit, digital audio use, 

IV-23 

doorbell, musical tones, IV-522 
doubler, audio-frequency doubler, 
IV-16-17 

dual-tone sounder, V-564, VI-390, 

VI- 587 

echo and reverb, analog delay line, 
IV-21 

electronic, III-3G0 
envelope generator/modulator, II- 
601 


equalizer, IV-18 
fader, IV-17 

fish lure, electronic, Vl-386 
frequency-sluft keyer, tone- 
generator test circuit, 1-723 
funk box, 11-593 
fuzz box, 11-590,111-575 
gong, electronic, V-563 
guitar compressor, 1V-519 
gunshot sound effect, VT-592 
harmonic generator, 1-24, TV-649 
higli-frequency signal, TIT-150 
hold for telephone, 11-623 
instrument tune-up, audio 
generator, V-390 
laser pistol sound effect 
generalor/receiver, VI-292 
low-lcvcl sounder, V-564 
muting circuit, Vl-383 
noise generators, 1-467,1-468,1-469, 
IV-308, V-395, Vi-421 
octave-shifter for musical effects, 
IV-523 

onc-lC design, 11-569 
perfect pitch circuit, V-391 
phasor sound generator, IV-523 
pink noise, 1-468 
portable, 1-625 
pulse echo driver, V1-380 
pulsed-lone alarm, V-559 
quad tone oscillator, Vl-434 
race-car molor/erash, 111-578 
robotic chatter, VI-590-591 
run-down clock for games, 1V-205 
sound effects, III-574-578 
siren, V-559, V-565, V-567 
sound-effects generator, V-565 
sound subcarrier generator, VI-358 
space-age sound machine, V-562 
spaceship alann, V-560 
speech detectors, 11-617, III-615 
steam locomotive whistle, 11-589. 
HI-568 

steam train/prop plane, H-592 
stereo system, derived center- 
channel, IV-23 
super, HI-564 

surf sound generator, VI-588 
synthesizer, 11-599, V-561 
telephone call-tone generator, IV- 
562 

telephone ringer, 11-619 
tone burst generator, VI-375 
tone burst generator, repeater. V- 
629 

tone chime,' V-560 
tone generators, 1-604,1-625 
lop octave generator, V-393 
Touchtone dial-tone, telephone, IH- 
609 

train chuffer, 11-588 
tremolo circuits, 111-692-695, TV 
-589 

twang-twang, 11-592 
two-tone, 11-570, V-629, VT-584 
ultrasonic sound source, TV-605 
very-low-frequency, 1-64 
vocal eliminator, IV 19 
voice circuits, III-729-734 
waa-waa circuit, 11-590 
warier, Vl-583 

warbling tone, 11-573. VI-582 
whistle, VI-589 

while noise generators, JV-201, VI- 
705-706 

wind chimes, VI-591 
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sound-operated circuits (see also 
ultrasonic circuits; voice- 
operated circuits), 11-580-584, 
111-579-580, rV-525-528, V-545- 
555 

amplifier, gain-controlled, IV-528 
color organ, 11-583,11-584 
decoder, III-145 
fader, V-549 

flash triggers, 1-481,11-449,1V-382 
kaleidoscope, sonic, V-548-549 
lights, 1-609, V-552 
memo alert, V-352 
noise clipper, I-39G 
relay, 1-608,1-610 
sleep-mode circuit, V-547 
switch, 11-581, III-580, IH-fiOO, 111- 
601, IV-526-527, V-553, V-555, V- 
590, Vl-613 
ac, 11-581 
two-way, 1-610 

voice-operated, 111-580, IV-527 
speech activity detector, telephone, 

III- 615 

voice-operated switch, III-580 
vox box, 11-582 

whistle-activated switch, V-551 
sources (see current sources; voltage 
sources) 
source followers 
bootstrapped, V-20 
JFET, V-20 
photodiode, III-419 
SPOT switch, ac-static, 11-612 
space-age sound machine, V-562 
space war, 1-606 
spaceship alann, V-560 
speaker systems 
FM carrier current remote, 1-140 
hand-held transceiver amplifiers, 

in -39 

overload protector for, 11-16 
protection circuit, V-476. V-479 
wireless, 1R, 111-272 
speakerphone, 11-611,111-608 
spectrum analyzer adapter, 
oscilloscopes, V-424 
speech-related circuits 
activity detector, 11-617,111-619 
compressor, 11-15 
filter 

300 Hz-3 kHz bandpass, 1-295 
second-order, 300-to-3,400 Hz, 

IV- 174 

speech-range bandpass filter, V- 
185 

t.worsection, 300-to-3,000 Hz, IV- 
174 

network, 11-633 
scrambler, V-554 
speed alarm, 1-95 
speed controllers (see also motor 
control), 1-450,1-453.11-378, IT- 

379, 11-455, V-380, V-381, VI-412. 
VI-414 

accelerometer, Vl-345 
back RMF PM, 11-379 
cassette-dcck motor speed 
calibrator, IV-353 
closed-loop, III-385 
dc motor speed controller, VI-411 
fans, automatic, 111-382 
feedback speed, 1-447 
ric motors, 1-452,1-454, III-377,1TI- 

380, HI-388, VI-415 

dc variable, fiberoptic, 11-206 


feedback, 1-447 
fixed, III-387 
high-efficiency, TIT-390 
high-torque motor, T-449 
light-activated/controlled, IV-247 
load-dependent, 1-451 
model trains and/or cars, 1-453,1- 
455, IV-338-340 
motor (see motor controls; 

tachometers) 
power tool torque, 1-458 
PWM, 11-376, HI-380, V 381 
radio-controlled, 1-576 
series-wound motors. 1-448,11-456 
shunt-wound motors, 11-456 
stepper motors, direction and 
speed control. IV 350 
switched-mode, 111-384 
tachometers, 1-94,1-100,1-102, II- 
175, III-335, HI-340,111-347, VI- 
98, VI-298, VI-371 
analog readout., IV-280 
calibrated, HI-598 
closed loop feedback control, II- 
390 

digital readout, 11-61,111-45, IV- 
268-269, IV-278 
dwell meter/tachometcr, III-45 
feedback control, 11-378,11-390 
frequency counter, 1-310 
low-frequency, 111-596 
minimum-component design. 1- 
405 

motor speed controllers, 11-378. II- 
389 

optical pick-up, 111-347 
setpoint, 111-47 
rachometerless, 111-386, IV-349 
tools and appliances, 1-446 
universal motors, 1-457,11-451 
speed warning device, 1-96,1-101 
speedometers, bicycle, IV-271, IV-282 
splitters, 111-581-582 
battery, 111-66 
phase, precision, HI-582 
precision phase. 1-477 
voltage, 111-738,111-743 
wideband, 111-582 
squarer, precision, 1-615 
square-root circuit, VI-319. VI-320, 

VI-322 

square-wave generators, 11-594-600, 

HI-583-585, TV-529-536, V-568- 
570. Vl-593-594 

1 kHz, IV-536 

2 MUz using two TTL gates. 11-598 
10-ilz to 10-kHz VCO, V-570 
60-Ilz. V-569 

555 timer, 11-595 
astablc circuit, 11-597,. rV-534 
CMOS 555 astable, true rail-to-rail, 
11-596 

duty-cycle multivibrator, m-50- 
pcrcenl, III-584 
four-decade design, IV-535 
higlt-currcnt oscillator, 111-585 
line frequency, 11-599 
low-frequency TTL oscillator, n-59-5 
multiburst generator, 11-88 
multivibrator, IV-536 
oscillators, 1-613-614,11-597, 0-616, 
IV-532, IV-533, V-569 
0.6 Hz, 1-616 
1 kHz, 1-612 

frequency doubled output, 11-596 
phase-tracking, three-phase, U-598 


pulse extractor, 111-584 
quadrature-outputs oscillator, HI- 
585 

Schmitt trigger, V-569, V-670 
sine-wave and, tunable oscillator, 
III-232 

sine-to-square wave converter, V- 
569, V-570 
three-phase, H-600 
tone-burst generator, single timer 
IC, 11-89 

triangle-wave and, IiI-239 
precision, HI-242 
programmable, 111-225 
wide-range, HI-242 
TTL, LSTTL, CMOS designs, IV- 
530-532 

variable duty-cycle, IV-533 
variable-frequency, IV-535, V-570 
square wave oscillator, Vl-445 
astable multivibrator and, V-386 
square-to-sine wave converters, HI- 
118 

squelch circuits, 11-394 
AM/FM, 1-547 

FM scanner noise squelch, VI-579 
voice-activated circuits, IV-624 
squib firing circuits, 11-367 
stabilizers, fixed power supplies, IV- 
393, IV-406 

staircase generators,(see also 
function generators; waveform 
generators), 1-730, H-601-602, III- 
586-588,1V-443-447, VI-595-599 
free-running, VI-598 
stepped triangle wave, VI-596 
up-down staircase, Vl-599 
video staircase generator, Vl-597 
stand-by power supply, non-volatile 
CMOS RAMs, 11-477 
standard, precision calibration, 1-406 
standard-cell amplifier, saturated, II- 
296 

standing wave ratio (SWR) 
detector adapter, audible signal, VI- 
25 

meter, IV-269 
power meter, 1-16 
QKP bridge. 111-336 
warning indicator, 1-22 
Star Trek red alert siren, 11-577 
starl-and-run motor circuit, IH-382 
stalc-of-charge indicator, lithium 
battery, 11-78 

stale-variable filters, 11-215, IH-189, 
VI-209 

multiple outputs, III-190 
second-order, 1 kHz, Q/10,1-293 
single 3.3-V supply, 4-pole, Vl-216 
universal, 1-290 
static detector, IV-276 
steam locomotive sound effects, 11- 
589,11-592, III-568 
slep-up switching regulator, 6V 
battery, 11-78 

step-up/step-down dc-dc converters, 
III-118 

stepper motors (see also motor 
control circuits), V-571-573, VI- 
600-602 

direction control, IV-350 
drivers, 11-376,11-390 
bipolar, V-572 
FET-based. V-573 
half-step, IV-349 
quarter-step, IV-350 
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dual dock circuit, V-573 
encoder circuit, VI-602 
pulse generator, VI-601 
shaft encoder use, VI-601 
speed and direction, TV-350 
stepping switch, solid state, 11-612 
stereo/phonograph (hi-fi) circuits, V- 
574-584 

acoustic field generator, V-338-341 
amplifiers, 1-77,1-80-81,1-89,1-670, 
IT-9,11-43,11-45, III-34, III-37, HI- 
38, TV-29, TV-35, IV-36, IV-6G, VI- 
75 

hass tone control, V-584 
mini-stereo amplifier, V-583 
audio level meter, TV-310 
audio power amplifiers, V-40, V-48, 
VI-90 

audio power meter, TV-306 
audio signal amplifier, V-58 
balance circuits, 1-618-619,11-603- 
605, V-583 

booster amplifier for car stereo, V- 
72 

compander, 11 12,111-93,111-95 
expander, I! 13,111-93,111-95, V-582 
decoders, IT-18,11-167-169, VI-170 
demodulators, 1-544,11-159 
derived center channel stereo 
system. IV-23 
1*’M bug, Vi-662 

I'M stereo transmitter, V 575, V- 
580, VI-662 

frequency decoder, II-169 
frequency division multiplex, II-169 
level display circuit, Vl-190 
line driver, Vl-198 
loudspeaker protector circuit, V- 
483 

mixers, 1-55,1V-332 
power meter. 111-331 
preamplifiers, 1-90,1-91,11-43,11-45, 
HI-37,111-671,111-673,1V-35, IV- 
36, V-581, V-584, VI-79 
reception indicator, 111-269 
reverb systems, 1-602,1-606,11-9 
RIAA phono amplifier, VI-89 
speaker driver, TTL-based, Vl-199 
speaker protection circuit, V-476, 
V-479 

TDM decoder, 11-168 
test circuits, 1-618-619,111-269,111- 
331, IV-306, IV-310 
tone control circuit, high-Z input, 1- 
676 

TV-stereo decoder, 11-167, V-576- 
579, V-580 

volume limiter, VI-376 
stethoscope for automobiles. VI-95 
stimulator, constant-current, III-352 
stimulus isolator, 111-351 
stop light, garage, 11-53 
strain gauges, VI-336 
bridge excitation, III-71 
bridge signal conditioner, 11-85 
instrumentation amplifier, III-280 
strobe circuits, 11-606-610, VI-468 
alarm system, V-6-7 
disco-, 11-610 

high-voltage power supplies, IV- 
413 

safety flare, 11-608 
tone burst generator, 11-90 
trip switch, sound activated, 1-483 
variable strobe, 111-589-590 
stud finder, III-339 


subharmonic frequencies, crystal- 
stabilized IC timer, 11-151 
subtracter circuit, HI-327 
subwoofer amplifier, V-49, V-50 
successive-approximation .4/D 
converter, 1-45,11-24,11-30 
summing amplifiers, 1-37,111-16 
fast action, 1-36 
inverting. V-18, V-20 
precision design, 1-36 
video, clamping circuit and, III-710 
sun tracker, 111-318 
superheterodyne receivers, Vl-553 
3.5-to-10 MHz, IV-450-451 
amateur radio, four-stage 75-mcler, 
VI-21 

supply rails, current sensing in, 11-153 
suppressed-earrier, double-sideband, 
modulator, III-377 
sweep generators {see also function 
generators: waveform 
generators), VI-238-241 
10.7 MHz, 1-472 
add-on triggered, 1-472 
oscilloscope-triggered, III-4-38 
switches and switching circuits, II- 
611-612, II1-591-594, IV-537, V- 
585-693, VI-603-614 
ac switches, III-408, IV-387 
ac power switch, V-112, V-115 
analog switches, 1-621,1-622, IH- 
593, VI-604, VI-607, VI-609. VI- 
614 

antenna selector, electronic, IV- 

538-539 

audio switch, eight-channel. V-588- 
f>89 

audio-controlled switch, V-590, VI- 

613 

auriio/video switcher circuit, IV- 
540-541 

auto off power switch, VI-611 
auto-repeat, switch, bounce-free, IV- 
545 

bandswitching for receiver, VT-608 
bidirectional relay switch, IV-472 
bistable switch, mechanically 
controlled, TV-545 
closure circuit, VI-182 
contact, 1-136 
controller, 111-383 
dark-activated, V-274. V-276 
dc controlled, V-586, V-592 
dc static, 11-367 

debouneers, 111-592, IV-105, IV'-106, 

IV-108, V-316, VI-387, VI-613, VI- 

614 

delay, auto courtesy light, 111-42 
delay circuit for switch on, Vl-611 
dimmer switches, 1-369,11-309, IV- 
247, IV-249 
800 W, 11-309 
dc lamp, 11-307 
four-quadrant, 1V-248-249 
halogen lamps, 111-300 
headlight, 11-57,11-63 
low-cost, i-373 

soft-start, 800-W, 1-376,111-304 
tandem, 11-312 
triac, 1-375,11-310,111-303 
DTL-TTL controlled buffered 
analog, 1-621 

fax/telephonc switch, IV-552-553 
FET. dc controlled, V-592 
FET dual-trace (oscilloscope), 11- 
432 


Ilex switch, alarm sounder circuit, 

V- 15 

frequency switcher/oscillators, V- 
418 

llall-efleet, IK-257, IV-539 
headlight switching circuit, V-75 
hexFET switch, V-592. V-593, Vl- 
612 

high frequency, 1-622 
high-side power control switch, 5 V 
supply, 1V-384, IV-385 
infrared-activated, TV 345 
inverter, analog, Vi-604 
IR-controlled A/B switch, V'-225 
isolated switch, Vj-604 
kill-switch for batteries, V-71-72 
latching, SCR-rcplacing, 111-593 
light-operated, 11-320,111-314. V- 
274, V-278 
adjustable, 1-362 
capacitance switch, 1-132 
light-controlled, 11-320,111-314 
photoelectric, 11-321,11-326. HI- 
319 

self-la telling, V-278 
solar triggered, 111-318 
zero-point triac, 11-311 
load-diseoiuieel switch, V-591 
load-sensing, solid-state, V-285 
mercury-switch lilt detector, V-302 
MOSFET power control switch, IV- 
386 

multiplexer, low output impedance, 

VI- 605 

on/off inverter, 111-594 
on/off switch, 1-577,11-359, IV-543, 
TV-546, VI-612 

optical safety-circuit switch, V-409 
optically coupled, 111-408, III-410 
oscillator-triggered switch, V-590, 
VI-606 

over-temperature switch, IV-571 
photocell memory, ac power 
control, 1-363 

photoelectric, 11-321,11-326 
PIN diode switch, VI-609 
proximity, III-517 
push on/off, 11-359 
pushbutton power control switch. 

IV- 388 

remote switches, 1-577,1-630. V- 
592 

resistor PIN-diode switch, VI-608 
rf switches, III-3G1, III-592 
RON compensator, op amp and 
analog switch, VI-605 
rotary switch, BOD digital, V-160 
safety switch, V-589 
satellite TV' audio switcher, IV-543 
series/sluint. PIN-diode RF switch, 
VI-610 

shunt. PIN-diode switch, VI-607 
solar-triggered, 111-318 
solid-state stepping, 11-612 
sonar transducer/, III-703 
sound-activated, 1-610,11-581, HI- 
580, HI-600.111-601,1V-526-527. 

V- 553, V-555, V-590 
speed, 1-104 

SPOT, ac-static, IT-612 
switching controller, 111-383 
temperature control, low-power, 
zero-voltage, 11-640 
thermostatic, for auto fan, V-68 
Lone switch, narrowband, 1V-542 
touch switches, 1-131, [-135-136, IT- 
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switches and switching circuits 
continued 

690-693,111-661-665, TV-590-594, 
V-270 

touchomatic, 11-693 

TR switch for antennas, automatic, 

V- 37 

transceiver T/R switch. VI-610 
triac switches, 1-623,11-311, IV-253 
two-channel, 1-623 
two-way switch wiring, V-591 
ultrasonic, 1-683 

imdcr-temperature switch, IV-570 
VHF/UHF diode rf switch, rV-544 
video switches, III-719, 111-725, TIT- 
727, III-728, IV-618-621, V-587, 

VI- 680 

video/audio switch, V-586 
voice-operated, 1-608, TII-580, TV 
527, V-553 

wlustle-activated switch, V-551 
wiring for two-way switch, V-591 
zero crossing, 1-732, VI-606 
zero point, 1-373, IT-311 
zero-voltage switching, F-623,111- 
410, III-412 

switched-mode power supplies, IT- 
470, TT1-458. VT-479 
24- to 3.3-V, V-462 
5- to 3.3-V, V-462 
50 W, off-line; 111-47:3 
100 kHz, multiple-output, 111-488 
color TV receiver, SCR, Vi-487 
control circuits. Vl-494 
converter, V-461 

synchronous stepdown regulator, 
V-468 

voltage regulators tor switched 
supplies, V-453, Vi-484 
3 A, III-472 

5 V, 6 A, 25 kHz, separate 
ultrastable reference, 1-497 

6 A variable output, 1-513 
200 kHz, 1-491 

application circuit,'3W, 1-492 
fixed power supplies, 3 A, IV-408 
high-current induelorless, III-476 
low-power, 111-490 
multiple output MPU, 1-513 
positive, 1-498 
•step down, 1-493 
step-up, 6V battery, 11-78 
converter, +50V push pull, 1-494 
inverter, 500 kHz, 12 V, 11-474 
power amplifier, 1-33 
switched light, capacitance, 1-132 
switching/mixing, silent audio, 1-59 
syne circuits, V-594-595, VI-615-618 
combiner, V-595 
gating circuit, V-595 
PLD synchronizes asynchronous 
inputs, VI-616 
separators, 111-715, IV-616 
stretcher circuit, VI-618 
sync Up dc restorer, VI-617 
synthesizers (see also musical 
circuits; sound generators) 
four-channel, 1-603 
frequency, programmable voltage- 
controlled, 11-265 
music, 1-599 


tachometers, 1-94,1-100,1-102,1! 175, 
HI-335, III-340, III-347, V-65, V- 
596-598, VI-98, VT-298, VI 371 


adapter, VI-298 

iuiaiog readout, IV-280, V-597-598 
calibrated, III-598 
closed loop feedback control, H-390 
digital readout. 11-61, III-45, IV-268- 
269, IV-278 

dwell mctcr/tachometer, III-45 
feedback control, 11-378,11-390 
frequency counter, 1-310 
low-frequency, III-596 
minimum-component design, 1-405 
motor speed controllers, 11-378, II- 
389 

oplical pick-up, HI-347 
set point, III-47 

sigiuil-conditioning circuit, VI-98 
tandem dimmer, 11-312 
tap, telephone, 111-622 
tape-recorder circuits, 1-21,1-419, III- 
599-601, IV-547-548 
amplifiers, 1-90, IV-36 
audio-powered controller, IV-548 
automatic tape-recording switch, I- 
21 , 11-21 

automotive-battery power circuit, 

IV- 548 

cassette-deck motor speed 
calibrator, IV-353 
extended-play circuit, 111-600 
flat-response amplifier, 111-673 
interface for, II-C14 
personal message recorder, V-330- 
331 

playback amplifier, III-672, TV-36 
position indicator/controller, 11-615 
preamplifier, 1-90 
sound-activated switch. Ill 600, 111- 
601 

starter switch, telephone-activated, 

1-632 

telephone-activated starter switch, 

I- 032,11-622, HI 616 
telephone-ro-cassette interface, 111- 

618 

telecom converter -48 to +5 V at 1 A, 

V- 472 

telemetry demodulator, 1-229 
telephone-related circuits (see also 
intercoms). 11-616-635,111-602- 
622,TV-549 564, V-599-615, VI- 
619-628 

alann dialer, V-612 
amplifier, 111-621,1V-560, V-614 
answering machine beeper, IV-559 
auto answer and ring indicator, I- 
635 

automatic recording device, 11-622 
basic telephone circuit. V-615 
bell simulator, V-604 
Bell System 202 data encoder, VI- 
625 

blinking phone light monitor, 11-624, 

II- 629 

call-tone generator, IV-562 
call restrictor, VI-622 
caller 1L), V-613, VI-621 
cassette interface. 111-618 
converter, ultra low-pow : er for 
personal communications, VI-166 
decoder, touch-tone, IV-555 
dial pulse indicator, HI-613 
dial-lone circuit, 5-V, V-610 
'.tiaied-phone number vocalizer, HI- 
731 
dialer 

emergency dialer, V-603 
pulsc/tone, single-chip. III-603 


dual tone decoding, 11-620 
duplex audio link, IV-554 
duplex line amplifier, III-616 
eavesdropper, wireless, III-620 
emergency dialer, V-603 
tax- machine switch, remote- 
controlled, 1V-552-563 
flashers, 11-629 
phone-message, 1V-656 
tell-a-bell, 1V-558 
visual ring indicator, IV-65D, IV- 
561 

frequency and volume controller, IT- 
623 

hands-free telephone, HI-605 
handset encoder, 1-634, III-613 
helper/simulator, Vl-627 
bold button, 11-628. HI-612 
bold circuit, V-614, VI-624, VI-628 
in-use indicator, 11-629, IV-560, IV- 
563, V-602 

intercom, IV-567, V-239, V-240 
interface 

audio, V-612, VI-625 
l-’CC Part 68, V-613 
for phone-line, V-605 
light for, 11-625 

line interface, autopatch, 1-635 
line monitor, 1-628 
line simulator, VI-627 
line tester, V-615, VI-620 
message-taker, IV-563 
monitors, I-G25,11-626 
musical hold, 11-623, V-601, V- 
605 

musical ringer, 11-619 
night light, telephone controlled, 

III-604 

off-hook indicator, 1-633 
optoisolator status monitor, 1-626 
pager, V-609, V-fil 1 
parallel connection, III-611 
personal message recorder, V-330 
331 

piezoelectric ringer, 1-636 
power switch, ac, IV-550 
preamp, transistor RIAA for 
magnetic cartridges, VT-76 
pulse-dialing, 111-610 
recording calls, 1-632,111-616, IV- 
553,1V-558, V-600, VI 626 
redial, III-606 
relay, 1-631 

remote monitor for, 11 626 
repeater, IH-607 
repertory dialer, line powered, I- 
633 

ring amplifier, Vl-624, VI-626 
ring converter, V-602 
ring detectors, 11-623,111-611, HI- 
619, IV-564, Vl-628 
ring indicator, V-604 
ringers, IV 556, V-600 
extension-phone ringer, 1V-561 
high-isolat.ion, 11-625 
multi-tone, remote 
programmable, 11-634 
musical, 11-619 
piezoelectric, 1-636 
plug-in, remote, 11-627 
relay, HI-606 

remote, 11-627,111-614, IV-562 
tone, 1-627,1-628,11-630,11-631 
scrambler, IJ-618, V-608, VI-623 
series connection, III-609 
silencer,' 1V-557 

sound level meter monitor, 111-614 
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speaker amplifier, IV-555 
speakerphone, 11-632, III-G08 
speakerphone adapter, V-60G-G07 
speech activity detector, 11-617, HI- 
615 

speech network, 11-633 
status monitor using optoisolator, I- 
626 

switch, solid-state, line-activated, 
III-617 
tap, III-622 

tape-recorder starter controlled by, 

1-632 

telecom converter -48 to +5 V at 1 
A, V-472 

timer, tele-timer, V-623 
toll-totalizer, IV-551 
tone-dialing, III-607 
tone ringers, 1-627.1-628,11-630, II- 
631 

Touchtone generator, III-609 
touch-tone decoder, IV-555 
vocalizer. dialed-phone number, HI- 
731 

voice-mail alert, V-607 
teleprinter loop supply, VI-407 
television (see amateur television; 
video circuits) 

temperature-related circuits (see 
also thermometers), 1-641-643,1- 
648,1-657.11-645, III-629-631, IV- 
565-572, V-616-620, VI-620-647 
0-50 C, four-channel temperature, 

I- 648 

A/D converter for temperature 
measurement. VI-234-235, VI-634 
absolute temperature log-with RS- 
232, VI-636 

alarms, II-4.11-643,11-644, V-9 
amplifier, precision RTD. for +5 V, 
VI-643 

automotive water-temperature 
gauge, 11-56, IV-44,1V-48 
body-heat detector, VI-266 
boiler temperature control, 1-638 
compensation adjuster, V-617 
control circuits, I-G41-643,11-636- 
644, III-623-628, rV'-5G7, VI-631, 
VI-641, VI-646 
defrost, cycle, IV-566 
heater element, 11-642 
heater protector, servo-sensed, 
rri-624 

heat sniffer, electronic, 111-627 
liquid-level monitor, 11-643 
low-power, zero-voltage switch, 

II- 640 

piezoelectric fan-based, III-627 
proportional, 111-626 
signal conditioners, 11-639 
single setpoint, 1-641 
therinocoupled, IV-567 
zero-point switching, 111-624 
converters 
logarithmic, V-127 
temperamre-to-digital, V-123 
leinperature-to-Irequency, 1-168, 
1-646,1-656,11-651-653, V-121 
lemperalure-to-time, 111-632-633 
cool-down circuit for amplifiers, V- 
354, V-357 

defrost cycle and control, IV-566 
differential temperature, 1-654,1- 
655, VI-645 

flame temperature, 111-313 
freeze-up sensor, VI-647 


furnace fuel miser, V-328-32D 
heater control, 1-639,1-640,11-642, 

III- 624, VI-632 
heat sniffer, III-627 
hi/lo sensor, 11-650 
hook.sensor on 4- to 20-mA loop, V- 

618 

IC temperature, 1-649 
indicator, 11-56, IV-570 
isolated temperature, 1-651 
LCD contrast temperature 
compensator, VI-195 
logarithmic converter, V-127 
low-temperature sensor, V-619 
measuring circuit/sensors, 11-653. 

IV- 572 

meters/monitors, 1-647. III-206, IV- 
569 

op amp, temp-compensated 
breakpoint. V-401 

oscillators, temperature-controlled, 
1-187.11-427,111-137 
over-lcmpcrature switch, 1V-571 
over/under sensor, dual output, 11- 
646 

proportional temperature 
controller, VI-633 
pyrouieler, optoelectronic, Vl-640 
regulator, zero-vollage switching, 
VI-647 

remote sensors, 1-649,1-654. V-619 
room temperature display, bar 
graph, VI-641 

sensors. 1-648,1-657,11-645-650, III- 
629-631,1V-568-572, V-619 
-50 to 300 F, single supply, VI-638 
0-50-degree C four channel, 1-648 
0-63 degrees C, HI-631 
5 V powered linearized platinum 
RTD signal conditioner, 11-650 
automotive-temperature 
indicator. FTC thermistor, 11-56 
Centigrade thermometer, 11-648 
coefficient resistor, positive, 1-657 
differential, 1-654,1-655 
full-range Fahrenheit, VI-643 
output referenced to ground, two- 
wire, VI-638 

over/under, dual output, 11-646 
DVM interface, 11-647 
hi/lo, 11-650 

integrated circuit, 1-649 
isolated, 1-651, IU-G31 
lovv-t.emperat.ure, V-619 
remote, 1-649.1-654, V-619. VI- 
638 

soil heater for plants, V-333 
soldering iron control, V-327 
thermal monitor, TV-569 
thermocouple amplifier, cold 
junction compensation, 11-649 
thermocouple multiplex system, 
III 630 

zero-crossing detector, 1-733 
signal conditioners, 11-639 
single-setpoint, temperature, 1-641 
temperature to-digital converter, V 
123, VI-646 

temperature-to-frequency 
converter, 1-168,1-646,1-656, II- 
651-653, V-121, Vi-689 
leiuperature-to-time converters, 111- 
632-633 
thermocouples 
amplifier, cold junction 
compensation, 11-649, VI-635, VI- 


642, VI-644 
control, IV-567 
multiplex system, III-630 
thermometers (see thermometers) 
thermostat (see thermostats) 
thermostatic fan switch, V-68 
thermostatic relay circuit, VI-643, 
VI-645 

transconduccr, 1-646,1-649 
under-temperature switch, IV-570 
zero-crossing detector, 1-733 
temperature -1 o-frequenev converter, 
1-168,1-656,11-651-653, VI-639 
temperature -t o-frequeney 
transeonducer, linear, 1-646 
lemperalure-lo-lime converters, III- 
632-633 

ten-band graphic equalizer, active 
filler, 11-684 
Tesla coils, 111-634-636 
test bench amplifier, V-26 
test circuits (see measurement/tesl 
circuits) 

text adder, composite-video signal, 
111-716 

Dutch tins, 11-654-656 
digital, 11-656 
electronic, 11-655 

thermal flowmeter, low-rale flow, 111- 
203 

thermocouples, 11-649, Vl-635, VI- 
642, VI-644 

amplifiers, 1-355,1-654,11-14.11-649 
digital Lhenuometer using, 11-658 
multiplex, temperature sensor 
system, 111-630 
pre-amp using, III-283 
thermometers (see also temperature- 
related circuits), 11-657-662, III- 
637-643,1V-573-577 
0-50 degree F, 1-656 
0-100 degree C, 1-656 
1.5-V, VI-637 
5-V operation, V-617 
adapter, III-642 

add-on for DMM digital voltmeter. 

III- 640 

centigrade. I-G55,11-648,11-662 
calibrated, 1-650 
ground-referred, 1-657 
differential. 1-652,11-661, III-638, 
VI-640 

digital, 1-661,1-658, V-618, VI-637 
temperature-reporting, III-638 
thermocouple, II-G58 
ftp controlled, I-G50 
electronic. 11-660, HI-639, rV-575, 

IV- 576 

Fahrenheit, 1-658 
ground-referred, 1-656 
high-accuracy design, IV-577 
implantable/ingestible, IIT-641 
Kelvin, 1-653.1-655,11-661 
linear. III-642, JV-574 
low-power, 1-655 
meter, trimmed output, 1-655 
remote, 11-659 
single-dc supply, IV-575 
variable offset., 1-652 
thermostats, I 639,1-641), V 60, VI 
630 

third-overtone oscillator, 1-186, IV 
123 

three-in-one test set, 111-330 
Uiree-minute timer, 111-654 
Lhree-rail power supply, 111-466 
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threshold detectors, precision, III-157 
tilt meter, TT-663-666,111-644-646 
differential capacitance 
measurement circuit, 11-665 
mercury-switch, V-302 
sense-of-sl ope. 11-664 
ultra-simple level, 11-666 
time bases 

crystal oscillator, 111-133, IV-128, V- 
137, V-139 

function generators, 1 Hz, 
readout/counter applications, IV- 
201 

oscilloscopes limebase generator, 
V-425 

trigger selector for oscilloscopes 
timebase, V-425 
time constants, operational 

amplifiers, liC time constants. VI- 
426 

time delays, 1-668,11-220,11-667-670, 
111-647-649 

circuit, precision solid state, 1-664 
constant current dunging, 11-668 
electronic, lff-648 
generator, I 218 
hour sampling circuit, 11-668 
integrator to multiply 555 timers, 
low-cost, 11-669 
long-duration, 1-220 
motor controller, Vl-413 
relay, 1-219,1-663 

timing threshold and load driver, II- 
670, rrr-648 

time division multiplex stereo 
decoder, 11-168 

timers (sea also 555 timer cireuits), 

1-666,1 668,11-671-681, JII-650- 
655, 1V-578-586, V-621-627, VI- 
648-650 

0.1 to 90 second, 1-663 
2- to 2000 minute, V-624 
555-based alarm, V-ll 
741 timer, 1-667 
ac line/timer interface, Vl-281 
adjustable, II 681,1V-585 
alarm, 11-674, VI-649 
appliance-cutoff timer, IV-583 
CMOS, programmable precision, HI- 
652 

countdown, V-627 
darkroom, 1-480, V-436 
elapsed time/counter timer, 11-680 
electronic egg, 1-665 
enlarger timer, 11-446, III-445 
extended on-time, V-627 
TO, crystal-stabilized, 11-151 
interval, programmable, 1-660, It- 
678 

lamp timer, VI-649 
long-delay, 1-219, V-626 
long-duration, 11-675, JV-585 
long-interval, 1-667,1V-581,1V-582 
long-period, V-624, VI-650 
long-term, N-672, 111-653 
mains-powered, TV-579 
minute marker, VI-337 
mobile radio on-alarm timer, VI-32 
one-shot, IT-266,111-317,111-654 
photographic, T-485 
darkroom enlarger, 111-445 
photo-event timer. 1V-379 
reaction timer, game circuit, IV-204 
reflex tinier, V-622 
SOR design, IV-583 
self-ret.riggering timed-on 


generator. V-343 

sequential. 1-661-662,1-663, TIT-651. 
V-623 

slide-show, III-444, IH-448 
solid-state, industrial applications, 

I- 664 

tele-timer, V-623 
ten-minute ID timer, TV-584 
three-minute, 111-654 
three-stage sequential, V-623 
thumbwheel-type, programmable 
interval, 1-660 

time-out, circuit, TV-580, TV-586 
triangle-wave generator, linear, HI- 
222 

variable duty-cycle output, II1-240 
voltage-controlled, programmable, 

II- 676 

washer, 1-668 
watch tick timer, V-292 
watchdog timer/alarm, 1V-584 
wide-range, V-l-minute to 4(X) 
hours, V-625 

timing light, ignition, 11-60 
timing threshold and load driver, III 
648 

tone alert decoder, 1-213 
tone annunciator, transformerless, 
m-27-28 

tone burst generators, 1-604,11-90. 

III- 74 

tone circuits (see function 

generators; sound generators) 
tone controls (see also sound 

generators), 1-677,11-682-689, 111 
656-660. TV-587-589, V-334, V 
630-631, VI-651-653 
500-Hz, HI-154 
active control, IV-588 
amateur radio amplifier controls, 
1.2-kW 144-MHz, VI-19 
audio amplifier, 11-686 
automatic level control (Al/T), V- 
60-62 

bass, 1-670, V-584, V-631, VI-652 
bass and treble, 1-674. V-631, VI- 
653 

Baxandall tone-control audio 
amplifier, IV-588 
decibel level detectors, III-154 
equalizers, 11-684, III-658 
filter circuit, V-l kHz, V-191 
guitar treble booster, 11-683 
high-quality, 1-675 
high-z input, hi fi, 1-676 
level meters, sound levels, TIT-346, 
IU-614, IV-.305, IV-307 
loudness, 11-46 

microphone preamp, 1-675, JI-687 
mixer preamp, 1-58 
passive circuit, 11-689 
preamplifiers, 1-58,1-673,1-675, II- 
687,11-688, m-657 
rumble/scratch filter, in-660 
stereo level display circuit, VI-190 
stereo preamp with tone control. V- 
581 

three-band active, 1-676, HI-658 
three-channel, I-G72 
tone detector, 15-kHz, VT-181 
trebel control, V-631, VI-652 
tremolo circuit, IV-589 
volume limiter, V-59, VI-376 
Wien-bridge filter, 111-659 
tone decoders. 1-231, HI-143, VI-170 
dual time constant, 11-166 


24 percent bandwidth, 1-215 
relay output, 1-213 
lone-dial decoder, 1-630,1-631 
tone detectors, 500-Hz, III-154 
tone-dial generator, 1-629 
tone-dialing telephone, III-607 
tone encoder, 1-67 
subaudible, 1-23 
tone-dial encoder,“1-629 
two-wire, 11-364 
tone generators (see sound 
. generators) 

tone probe, digital IC testing with, II- 
504 

lone ringer, telephone, 11-630,11-631 
lolcm-polc driver, bootstrapping, III- 
175 

touch switches, 1-131,1-135-136,1- 
137, II-690-693, III-661-665, IV- 
590-594, V-632-635, VI-654-657 
CMOS, 1-137 

bisiablc multivibrator, touch- 
triggered, 1-133 

bridging touch plate sensor, V-034 
capacitive sensor touch switch 
system, VI-656 
dimmer, CMOS based, V-270 
double-button latching, 1-138 
hum-detecting touch sensor, IV- 
594 

lamp control, three-way, IV-247 
iow-currcnt, 1-132 
On/Off, 11-691.111-663, IV-593 
latching switch, V-635 
line-hum, III-664 
momentary operation, 1-133 
negative-triggered, III-662 
on-only switch. V-635 
positive-triggered. III-662 
sensor switch and dock, IV-591 
single-plate sensor, V-633 
switch, V-633, V-634, V-635 
lime-on touch switch. IV-594 
timed touch switch, VI-655 
touchomalic, 11-693 
two-terminal, 111-663 
Touciilone generator, telephone, HI- 
609 

toxic gas detector, 11-280 
toy siren, 11-575 
Tit circuit, 11-532 

TR switch for antennas, automatic, V- 
37 

tracers, VI-658-659 
audio reference signal, probe, 1-527 
bug, HI-358 
cable tracer, VI-659 
closed-loop, III-356 
receiver, HI-357 
signal tracer, VI-659 
wire tracer, VI-659 
track-and-hold circuits, III-667, HI- 
668 

sample-and-hold circuit, HI-549, HI- 
552 

tracking circuits, III-666-668 
positive/negalivc voltage reference, 
IU-667 

preregulator, III-492 
track-and-hold, III-667, HI-668 
tracking power supply, VI-485 
train chuffer sound effect, 11-588 
transceivers (see also receivers; 
transmitters), IV-595-603 
1750-inclcr, V-646 
CE, 20-m, IV-596-598 
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CW, 5 W, 80-meter, IV-602 
external microphone circuit, V-351 
hand-held, 111-39,111-461 
HF transceiver/mixer, IV-457 
memory backup, VI-28 
power supply for lab source, VI-517 
T/R switch, VI-610 
ultrasonic, III-702,111-704 
transducer amplifiers, 1-86, III-669- 
673 

flat-response, tape, III-673 
NAB preamp, III-673 
photodiode amplifier, III-672 
preamp, magnetic phono, III-671, 
in-673 

tape playback, III-672 
voltage, differential-to-single- 
ended, III-G70 
transducers, 1-86 
bridge type, amplifier, 11-84,111-71 
detector, magnetic transducer, 1- 
233 

interfacing resistive transducers, 
VI-281 

sonar, switch and, III-703 
temperature, remote sensor, 1-649 
transformers 

isolation transformer, V-349, V-470 
power tester, VI-354 
transistors and transistorized circuits 
flashers, 11-236, III-200 
frequency txiplcr, nonseleclive, 
saturated, 11-252 
headphone amplifier, 11-43 
on/off switch for op amp, 1V-546 
phototransistor, V-279 
amplifier, V-409 
variable-sensitivity, V-409 
pulse generator, IV-437 
sorter, 1-401 

tester, 1-401, IV-281, V-306 
tum-on circuit, V-346 
transistor-matching circuit, VI-339 
transmission indicator, 11-211 
transmitters (see also receivers; 
transceivers), III-674-691, IV- 
595-603, V-636-649. Vl-660-665 
2-meter, IV-600-601 
10-meter DSB, V-647 
27.125-MHz NBFM, V-637 
acoustic-sound transmitter, IV-311 
amateur radio, 80-M, III-675 
amateur TV, IV-599, VI-34-36 
ATV JR transmitter, V-440 MHz, V- 
640 

audio, visible-light, V-261 
automobile security system, VI-9 
baby-alert, carrier-current circuit, 

V- 95 

beacon, III-683, rV'-603 
broadcast, l-to-2 MHz, 1-680 
carrier current, 1-144,1-145, III-79 
computer circuit , l-of-8 channel, 
111-100 

CW transmitters, 1-681, III-684, HI- 
686 , III-687, HI-690, IV-601, V- 
648, V-649, VI-22-23, VI-27, 

VI- 664 

DSB, 10-meter, V-647 
dummy load for transmitter tests, 
VI-37 

fiberoptic, III-177, VI-207 
FM transmitters, 1-681, V-641 
27.125-MHz NBFM, V-637 
4 9-MHz, V-643 
bug, VI-662 


infrared,-voice-modulated pulse. 

IV- 228 

light-beam, V-259 
multiplex, III-688 
one-transistor design, HI-687 
optical, 1-361,1-367,11-417 
radio, V-648 
snooper, IIT-680 
stereo, V-575, V-580, VI-662 
voice, IH-678 

wireless microphone, HI-682, HI- 
685, TIT-691 

half-duplex information 
transmission link, low-cost, III-679 
HF, low-power, TV-598 
infrared, 1-342,1-343,11-289,11-290. 
111-275, IN-277, TV-226-227, IV- 
228 

audio-modulated, VI-262 
headphones, V-227 
pulsed for on/off control, V-228 
pulse frequency modulated, VI- 
269 

single-tone, VI-264 
steady-tone, Vl-267 
wireless headphones, VI-263 
keyer interface circuit, amateur 
radio, VI-31 

laser diode-based, VI-292 
LED lightwave communications, VI- 
309 

line-carrier, with on/off, 200 kHz, I- 
142 

low-frequency, 111-682 
MIDI transmitter, V-393 
memory backup, VI-28 
modulated-light transmitter, V-258 
Morse code transmitter, V-6-VV for 
7-MH/., V 641 

multiplexed, l-of-8 channel, III-395 
negative key-line keyer, IV-244 
optical, 1-361,1-363,11-417, II-418, 

IV 368 

oscillator and, 27 and 49 MHz, 1-680 
Output indicator, fV-218 
photodiode log 
converter/transmitter, VI-312 
QRP, V-638-639, V-644-645 
remote control, V-509, V-513 
interface, V-511 
ultrasonic, V-512 
remote sensors, ioop-type, III-70 
television, 111-676 
tracking transmitter, V-642 
transceiver, 1750-meter, V-646 
transceiver T/R switch, VI-610 
tran smit/receive seqi lencer, 
preamp, V 348 
ultrasonic 
40 kHz, 1-685 
CW transceiver, VI 669 
Doppler, V 651 

vacuum-tube, low-power, 8O/40-M, 

V- 642 

voioe-co mm u n i rati on, light-beam, 

V- 260 

VI IF, 111-681, 111-684, VI-663 
video detector for transmitter tests, 

VI- 37 

wireless guitar transmitter, VI-661 
wireless microphone, VI -661 
transverter, 2-to-6 meter, V-124 
treasure locator, lo-parts, 1-409 
treble booster, guitar, 11-683 
tremolo circuits, 1-59,1-598, III -692- 
695, IV-589 


tri-color indicator, V-232 
triac circuits, V-268 
ac-voltage controller, IV-426 
contact protection, 11-531 
controller circuit, V-267, V-271 
dimmer switches, 1-375,11-310, HI- 
303 

drive interface, direct dc, 1-266 
microcomputer-to-lriac interface, 
V-244 

microprocessor array, 11-410 
relay-contact protection with, II- 
531 

switch, inductive load, IV-253 
trigger, 1-421 
voltage doubler, III-468 
zero point switch, 11-311 
zero voltage, 1-623 
triangle-to-sine converter, 11-127 
triangle/square wave oscillator, II- 
422, V-206 

triangle-wave generators, III-234, V- 
203, Vl-596, VI-697, VI-698 
10-Hzto 10-kHz VCO, V-570 
clock-driven, V-206 
square/triangle-wave, III-225, HI- 
239, HI-242 
timer, linear, III-222 
triangle-wave oscillator, V-205 
trickle charger, 12 V battery, 1-117 
triggers 

50-MHz, HI-364 
camera alarm, III-444 
flash, photography, xenon flush, HI- 
447 

load-sensing, V-285 
optical Schmitt, 1-362 
oscilloscope-triggered sweep. HI- 
438 

remote flash, 1-484 
SCR series, optically coupled, HI- 
411 

sound/light flash, 1-482 
triac, 1-421 

triggered sweep, add-on, 1-472 
tripler, nonselcctivc. transistor 
saturation, 11-252 
trouble tone alert, 11-3 
TTL circuits 

clock, wide-frequenev, 111-85 
coupler, optical, III-416 
gates, siren using, 11-576 
Morse code keyer, 11-25 
oscillator, VI-437 
speaker driver, VI-199 
square-to-triangle wave converter, 
11-125 

TTL-to-MOS logic converter, 11- 
125 

TTL oscillators, 1-179,1-613, IV-127 
1 MHz to 10 MHz, 1-178 
1 MHz to 20 MHz, IV-127 
crystal, TTL-compatible, 1-179 
sine wave/square oscillator, IV-5I2 
television display using, 11-372 
tube amplifier, high-voltage isolation, 
IV-426 
tuners 

antenna tuner, IV-14, V-38, VI-66 
FM, 1-231 

guitar and bass, 11-362 
turbo circuits, glitch free, III-186 
tum-on circuit, V-345 
twang-twang circuit, II-592 
twilight-triggered circuit, 11-322 
twin-T notch filters, III-403 
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Twenty-One game, VI-246 
two state siren, III-567 
two-tone generator. 11-570 
two tone siren, III-562 
two way intercom, IJI-292 
two's complement, D/A conversion 
system, binary, 12-bit, III-1 GO 

u 

UA2240 staircase generator, ID-587 
UHl’-relaled circuits (see also 
radio/rf circuits) 

anteima for UHF scanners, VI-67 
amplifier, I-560-5G5 
audio-lo-UHF preamp, V-24 
broadband rf amplifiers, V-523 
field-strength meters, FV-165 
oscillator, tunable, VI-456 
rf amplifiers, IJHF TV-line amplifier, 
IV-482, IV-483 
source dipper, IV-299 
'TV preamplifier, 111-546 
VHF/UHF rf diode switch, IV-544 
VHF/UHF rf preamplifier, V-515 
wideband amplifier, 1-560,1II-2G4 
UJT circuits 
battery chargers, 1J1-56 
calibration oscillator, 100-kHz, VI- 
157 

metronome, 11-055 
monostable circuit, bias voltage 
change insensitive, 11-268 
ultrasonic circuits (see also sound- 
operated circuits), III-696-707, 
TV-604-606, V-650-653, VI-GGG- 
670 

arc welding inverter, 20 kHz, 111-700 
cleaner, V-652-G53 
CW transceiver, VI-669 
generator, VI-670 
induction heater, 120-kHz 500-W, 
ill-704 

motion, detector, VI-668 
pest-eontrol/repel, 1-684,11-685,111- 
699,111-706,111-707, IV-605-606 
proximity sensor, VI-669 
ranging system, 111-697 
receiver, III-698, III-705, V1-G70 
Doppler ultrasound, V 051 
remote-control receiver, V-513 
remote-control tester, VI-667 
remote-control transmitter, V-512 
sonar Iransducer/switch, 111-703 
sound source, IV-605 
switch. 1-683 

transceiver, ID-702, ID-704 
transmitter, 1-685 
Doppler ultrasound, V-051 
undervollage detector/monitor, TTI- 
762, IV-138, VI-117 
uninterruptible power supply, 11-462, 

111-477, V-471 
unity-gain amplifiers 
inverting, 1-35,1-80 
noninverting, V-21, V-22 
ultra liigli-Z, ae, II-7 
unity-gain buffer 
stable, speed and high-input. 

impedance, II-6 
unity-gain follower, 1-27 
universal counters 
10 MHz, 1-255, II-I39 
40-MHz, III-127 
universal mixer stage, III-370 
universal power supply, 3-30V, 111 489 


iip/down counters 
8 digit, 11-134 

extreme count freezer, III-125 
XORgale, 111-105 


V 

vacuum fluorescent display circuit, II- 
185 

vacuum gauge, automotive, IV-45 
vacuum Lube amplifier, VI-72-73, VI- 
87 

vapor detector, 11-279 
varactor-tuned 10 MHz ceramic 
resonator oscillator, 11-141 
variable current source, 100 mA to 
2A, 11-471 

variable-frequency inverter, 

complementary output, Dl-297 
variable-frequency oscillators (VFO) 

5 MHz design. 11-551 
4093 CMOS, V-421 
adjustable temperature 
compensation, V-420 
amateur radio, V 532 
buffer amplifier,"V-92 
CMOS design, V-418 
code practice oscillators, V-103 
rf, V-6.5 MHz, V-629 
variable-gain amplifier, voltage- 
controlled, 1-28-29 
variable-gain and sign op amp, 11-405 
variable gain circuit, accurate null, 

111-69 

variable -state fillers 
universal, V-178 
variable oscillators, 11-421 
audio, 20 Hz to 20 kHz, 11-727 
duty-cycle, III-422 
four-decade, single control, 11-424 
sine-wave oscillator, low-distortion, 

III- 558 

wide range, 11-429 

variable power supplies, 111-487-492. 

IV- 414-421 

0- to 12-V, V-l A, V-4C0 
current source, voltage- 
programmable, 1V-420 
de supply 

SCR variable, IV-418 
stop variable, IV-418 
dual universal supply, 0-to-50 V, f> 

A, IV-416-417 

regulated supply, 2.5 A, 1.25-to-25 V 
switch-selected fixed-voltage 
supply, IV-419 

switching regulator, low-power, lil- 
490 

switching. 100-kHz multiple-output, 
111-488 

tracking preregulator, III-492 
transformerless supply, IV-420 
universal 3-30V, III-489 
voltage regulators for variable 
supplies, III-490, ID-492, IV-421 
variable current source, 100mA to 
2A, 11-471 

voltage regulator, ID-491 
VCR/TV circuits, 

ISD 1000A record/playback circuit., 
Vi-50 

on/off control, V-l 13 
tester for VCR head amplifier, VI-48 
video detector controller, VI-178 
vehicles (see automotive circuits) 
vertical deflection circuit., VI-374 


VHK-related circuits (see also 
radio/rf; television; UHF) 
amplifiers, 1-558 
beacon transmitter, VI-663 
crystal oscillators, III-138-140 
HF7VHF swilchable active antenna. 
V 524 

modulator, 1-440, III-684 
tone transmitter, III-681 
transmitters, 111-681, III-684 
VHF/UHF diode rf switch, IV-544 
VHF/UHF rf preamplifier, V-515 
video circuits (see also amateur 
television (ATV)), III-713-728, 
iV-607-621, V-654-662, VI-G7I- 
683 

amateur TV (ATV) down converter. 
V-125, V-126 

amplifiers, video, I-G88,1-690,1-692, 
ID-39, III-708-712, IV-482, TV-483. 

V-656, V-6G2. VI-674, VI-675, VI 
679, VI-681, VI-682 
75-ohm video pulse, ID-711 
buffer, low-distortion, TTT-7T2 
color, 1-34, ID-724 
do gain-control, ID-711 
differential video loop-through, 
V-657 

FET cascade, 1-691 
gain hlock, ID-712 
IF, 1-689,11-687, V-655 
rIFET bipolar cascade, 1-692 
line driving, lli-710 
log amplifier, 1-38 
output. V-655 
RGB, 1)1-709 

summing, clamping circuit and, 
ID-710 

TV amplifiers, 1-688,1-690,111-39, 

IV- 482. IV-482 

variable-gain video loop-through. 

V- 658 

amplifier/driver, VI-683 
ATV video sampler circuit, V-656 
audio/video switcher circuit, IV- 
540-541 

automatic TV turn-off, 1-577 
buffers, V-93 

cable driver, VI-200, VI-678 
camera-image tracker, analog 
voltage, IV-608-609 
camera link, wireless, III-718 
chroma demodulator with RGB 
matrix, 111-716 
coax cable driver, VI-201 
color amplifier, ID-724 
color-bar generator, IV-614 
commercial zapper, V-334-335 
composite-video signal text adder. 

ID-716 

converters 

RGB-lo-NTSC, IV-611 
video a/d and d/a, IV-610-611 
cross-lialeh generator, color TV, DI- 
724 

data interface, TTL oscillator, 11-372 
dc restorer, 111-723, V-659 
decoders 

NTSC-lo-RGB, IV-613 

stereo TV, 11-167, V-576-579, V- 

580 

video line decoders, VI-171 
delayed video trigger for 
oscilloscopes, VI-464 
detectors 

IF, MC130/MC1352 design, 1-688 
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low-level video, 1-687-689 
transmitter tests, VI-87 
downconverter, VI-40-41, Vi-44-46 
differential video loop-Llirough 
amplifier, V-657 

driver, two-input video MUX cable 
driver, VI-197 

dummy load for transmitter tests, 
VI-37 

equalizer, VI-681 
fader, V-658 

filter, VSB filter for LM 3880, Vl-219 
gray-seale generator, European line 
standard, VI-680 

gray-seale video generator, NTSC, 
VI-679 

high-performance video switch, 111- 
728 

horizontal deflection circuit, VI-882 
IF amplifier, 4.5-MHz sound, V-655, 
VI-C78 

IF detector, amplifier, 
MC130/MC1352,1-688 
ISO 1000A record/playback circuit, 
VI-60 

line driver, VI-683 
line pulse extractor, IV-612 
line receiver, VI-550 
line/bar generator, V-662 
loop-thru amplifier, IV-616 
master circuit, video master, V-661 
mixer, high-performance video 
mixer, IV-G09 

modulators, 1-437,1-43!), 11-371,11- 
372,11-433,11-434, VI-399, Vl-400 
monitors, ROB. blue box, 111-99 
monochrome-pattern generator, IV- 
617 

multiplexer, cascaded, 1-oMo. UI- 
393 

MUX cable driver 
multi input, V-657 
two-input, V-657 
NTSC-to-ROB converter, VI-677 
one-of-two video selector, VF-676 
op amp circuits, IV-615 
output amplifier, V-655 
PAL/NT.SC decoder with RGB 
input, IH-717 
palette, 111-720 
picture fixer/invert.er, III-722 
preamplifier, (11-546, V-660, VI-37 
remote control, 1R relay, VI-263 
rf amplifiers, TV sound system, V- 
519 

rf up-converter for TVRO 
subcarrier reception, IV-501 
RGB-composite converter, Hl-714 
sampler circuit, ATV video, V-056 
satellite TV audio switcher, IV-543 
selector, V-680 

signal-amplitude measurer, V-309 
signal clamp, 111-726 
sound, 1F/FM IF amplifier with 
quadrature, 1-690 
staircase generator, VT-597 
stereo-sound decoder, 11-167 
stereo TV decoder, V- 576-579, V- 
580 

summing amplifier, VI-681 
sweep/funclion generator, Vl-238- 
241 

switching circuits, 111-719,111-725, 
111-727, IV-618-621, Vl-680 
video/audio switch, V-586 
wideband for RGB signals, V-587 


switching power supply for color 
TV, SCR, VI-487 
sync circuits, VI-615-618 
sync separator, III-715, IV-616 
sync stripper/video interface, V-659 
tester for VCR head amplifier, Vl-48 
titler. VI-672-674 
transmitter, TV, III-676, IV-599, VI 
34, VI-35, VI-36, VI-38-89, Vl-42- 
43 

TV sound system, rf amplifiers, V- 
519 

twisted-pair video drivcr/rceeiver 
circuit, VI-682 

variable-gain video loop-through 
amplifier, V-658 

VCR video detector controller, VI- 
178 

VCR/TV on-off control, V-133 
vertical deflection circuit, VI-374 
video, power, channel-select signal 
carrier, V-344-345 
-UHF oscillator, tunable, VI-456 
VHF beacon transmitter, VI-668 
wireless camera link, 111-71 
VIJ7VHF wideband antenna 
low-noise, active, V-33 
vocal eliminator, IV-19 
voice commimications 
light-beam transmitter/receiver, V- 
260 

personal message recorder, V-330- 
331 

voice-mail alert for telephone, V- 
607 

voice scrambler/descrambler, IV-26, 
IV-2 7 

voice substitute, electronic, HI-734 
voice-activated circuits (see also 
sound-operated circuits; 
lelephonp-related circuits), III- 
729-734, IV-622-024, V-545-555 
uc line-voltage announcer, III-730 
allophone generator, III-733 
amplifier/switch, 1-608 
computer speech synthesizer, III- 
732 

di.ded phone number vocalizer, III- 
731 

disguiser lor voices, V-32G-327 
intercoms, V -239, VI-376 
level meter, VT 194 
message system, single-chip, VI-373 
scanner voice squelch, TV-024 
scrambler, V-554 
speech detector, 11-617, III-615 
stripper, vocal stripper, V-540-547 
switches, 111-580,1V-527 
swltcii/amplifier, 1-608, V-553 
vocal stripper, V-546-547, Vl-372, 
VI-373 

voice identifier for amateur radio 
use, V-550 

voice substitute, electronic, III-734 
VOX circuit, IV-623 
voltage bias regulator, VT-519 
voltage-controlled amplifier (VGA), I- 
31,1-598, IV-20, VI-684-685 
attenuator for, 11-18 
differential-to-sii igle-ended, 111- 6 70 
reference, 1-36 
tremolo circuit, 1-598 
variable gain, 1-28-29 
voltage-controlled oscillators (VCO), 
1-702-704,11-702,111-735,1V-625- 
630, V-663-667, Vl-685-687 


■ 3-5 V regulated output converter, 

TIT-739 

10 Hz to 10 kHz, 1-701, III-735-741 
three-decade, V-GGG 
555-VCO, r\'-627 
audio-frequency VCO, 1V-626 
basic circuit, V-G66, V-667 
crystal oscillator, III-135, IV-124 
current sink, voltage-controlled, IV- 
629 

DBS digital, Vl-447 
driver, op-amp design, IV-362 
linear, 1-701, IV-628 
triangle/square w : ave, 11-263 
logarithmic sweep, III-7-38 
one-shot, 11-266 
precision, 1-702, III-431 
restricted-range, IV-627 
sine-wave oscillator, V-666 
sinusoidal 3-Hz to 300-kHz, V-664- 
665 

stable, IV'-372-373 
square-wave generators, V-570 
supply voltage splitter, HI-738 
three-decade, 1-703 
-based, V-665 
TMOS, balanced, III-736 
two-decade, high-frequency, 1-704 
varactorless, IV-630 
variable-capacitance diode-sparked, 
111-737 

VUF oscillator, voltage-tuned, IV- 
628 

waveform generator, III-737 
wide-range, IV-627, IV-629 
voltage-controller, pulse generator, 

III- 524 

voltage converters/inverters, III-742- 
748, V-668-669 
12-10-16 V, ill-747 
dc-lo-ao inverter, V-669 
dc-to-dc, 111-744, ITT-746, V-669 
flyback, liigh-efficiency, III-744 
flyback-switching, self-oscillating. 

' 111-748 

negative voltage, (ip-controlled, IV- 
117 

offline, 1.5-W, III-746 

regulated 15-V 6-V driven, 111-745 

splitter, Jli-743 

unipolar-lo-dual supply, HI-743 
voltage-to-current converters. I- 
163,1-166,11-124, IH-110, III-120, 

IV- 118, VI-153 

voltagc-lo-frequency converters. I- 
707,111-749-757, IV- 638-642 
1 Hz-to-10 MHz. 111-754 
1 Hz-to-30 Mllz, 111-750 
1 Hz-to-1.25 MHz, 111-755 
5 kHz-to-2 Mllz, UI-752 
10 Hz to 10 kHz, 1-706,111-110 
accurate, III-756 
differential-input, 111-750 
function generators, 
potentiometer-position, IV-200 
low-cost, 111-751 
low-frcquency converter, IV-641 
negative input, 1-708 
optocouplcr, IV-642 
positive input, 1-707 
precision, 11-131 
preserved input, ill-753 
ultraprecision, 1-708 
wide-range, III-751, IU-752 
voltage-to-pulsc duration converter, 
II-124 
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voltage converters/invert.ers, 
continued 

voltage -ratio-to-freqi lency 
converter, 11I-11G 
voltage detector 
glitch detector, VI-178 
grid leak detector, VI-179 
voltage detector relay, battery 
charger, 11-76 

voltage doublers, III-459, IV-635, V- 
460 

cascaded, Cockcroft-Walton, IV-635 
Lriae-eontrolled, III-468 
voltage followers, 1-40. III-212. VI- 
127, VI-386 
fast, 1-34 

noiiinverting, 1-33 
signal-supply operation, amplifier, 

III- 20 

voltage inverters, precision, TTf-298 
voltage indicators/meters (see also 
voltmeters’), 111-758-772, IV-423, 
VI-688-695 

amplifiers, VI-689, VI-695 
audible voltage indicator, VI-694 
automotive battery voltage gauge, 

IV- 47 

battery-voltage measuring 
regulator, IV-77 
calibrator, Vl-693 
comparator and, 11-104 
de meter, expanded scale, VI 692 
five-step level detector, 1-337 
frequency counter, 111-768 
HTS, precision, 1-122 
level detectors. 1-338.11-172.111- 
759,111-770 

low-voltage indicator, III 769 
monitor, V-31.6, VI-689, Vl-694 
multiplexed common-cathode LED 
ADC, HI-764 

over/under monitor, III -762 
peak program detector, III-771 
solid-state battery, 1-120 
ten-step level detector, I 335 
visible, 1-338, III-772 
voltage freezer, HI-763 
voltage-level circuit, V-301 
voltage multipliers, IV-631-637, V- 
670-672 

2,000 V low-current supply, IV-636- 
637 

10,000 V dc supply, TV-633 
corona wind generator. JV-633 
doublers, III-459, IV-635 
cascaded, Cockcroft-Walton, 
IV-635 
dc, V-672 

triac-controlleri, 111-468 
high-voltage trlpler, Vl-504 
laser power supply, 1V-636 
low-frequency multiplier, IV-325 
negative-ion generator, iiigh- 
voltage, 1V-634 
quadrupler, dc, V 671 
tripler, IV-6.37, V-671, Vl-504, VI-531 
voltage probes, V-474 
voltage references, 1H-773-775 
bipolar source, 111-774 
digitally controlled, 111-775 
expanded-scale analog meter, HI- 
774 

positive/negative, tracker for, HI- 
667 

variable-voltage reference source, 
1V-327 


volLige regulators, 1-501,1-511, II- 
484,111-485, VI-482, VI-486, VI- 
561-567 

0- to 10-V at 3A. adjustable, 1-511 
0- to 22-V, 1-510 
0- to 30-V, 1-510 
3 A, III-472 

3.3-V adjustable. VI-489 
4- to 70-V. VI-493 
5 V, low-dropout, III-4G1 
5 V, 1 A, 1-500 

5 V, ultrastable reference, 1-497 

6 A, variable output switching, I- 
513 

8 - from 5-V regulator, V-469 
10 A, 1-510 

10 A, adjustable, HI-492 
10 V, high-stability, 111-468 
15 V, 1 A, remote sense, 1-499 
15 V, slow-turn-on, 111-477 
-16 V negative, 1-499 
45 V, 1 A switching, 1-499 
90 V rms voltage regulator with 
PUT, 11-479 
lOOVrms. 1-496 
200 kHz, 1-491 
200-V. VI-505 
ae, III-477 

adjustable output, 1-506,1-512 
application circuit, 1-492 
automotive circuits, 111-48, IV-67 
battery powder suppliers, I-117, IV- 
77 

bilateral source/load power system, 
VI-488 

bucking, high-voltage, HI 481 
combination voltage/current 
regulator, V-455 

common hot-lead regulator, IV-467 
constant voltage/constant current, 

I- 508 

current and thermal protection, 10 
amp, 11-474 
Darlington, IV-421 
dual-tracking, 111-462 
efficiency-improving switching, IV- 

464 

fixed pnp, zener diode increases 
output, 11-484 

fixed-current, regulator, IV-467 
fixed supplies, TIT-461,111-468,III- 
471-477, JV-408, 1V-462-467 
flyback, off-line, IT-481 
foldback-current. limiting, 11-478 
high- or low-input regulator, 1V-466 
high-stability r 1-499,1-502,111-468 
high-voltage power supplies, 1-509. 

II- 478, III-485.111-490, Vl-500, VI- 
503 

IC regulator protector, VI-483 
inductorless, 111-476 
junk transistors, Vl-497 
LM317 design, JV-466 
loss cutter, V 467 
low-dropout, 5-V, IH-461, Vl-486 
low-power, 1-695,111-490 
low-voltage, 1-502,1-511 
linear, 11-468,111-459 
mobile, 1-498 

MPT!, multiple output, 1-513 
multiple on-caixl adjuster, VI-494 
• negative, 1-498,1-499, IJI-474, IV- 

465 

npn/pnp boost, 111-475 
off-line flybiick regulator, 11-481 
pnp, 11-484 


positive, 1-498, III-471, III-475, VI- 
491, VI-518 

pre-regulators, 11-482, III-480, ITI-492 
programmable, IV-470 
projection lamp, 11-305 
PUT, 90 V rms, 11-479 
radiation-hardened 125A linear 
regulator, 11-468 
remote shutdown, 1-510 
SCK prcrcgulator for, 11-482 
single supply voltage regulator, 11- 
471 

sensor, LM317 regulator sensing, 
IV-466 

short-circuit protection, low r - 
vollage, 1-502 
single-ended, 1-493 
single-supply, 11-471 
slow-tum-on 15 V, 1-499 
step-down, 1-493 
slcp-up, 11-78 

switching supplies, 1-491,1-492,1- 
493,1-497,1-498,1-513,11-78, III- 
472, UI-476, III-490, IV-408, 
IV-463, V-453, VI-484 
3-A, III-472 

3 W, application circuit, 1-492 

5 V, 6 A 25 kHz, separate 
ultrastable reference, 1-497 

6 A, variable output, 1-513 
200 kHz, 1-491 

high-current inductoiiess, HI-476 
low-power, 111-490 
multiple output, for use with 
MPU, 1-513 
step down, 1-493 

variable current source with voltage 
regulation, IV-470 
variable supplies, 111-490, HI-491, 

111-492, IV-421, rV-468 470 
crowbar limiting, VI-515 
current limiting, VI-518 
current source, HI-490 
zener design, programmable, IV-470 
voltage sources 
millivolt, zenerless, 1-696 
programmable, 1-694 
pseudorandom, VI-381 
voltage splitter, III-738 
voltmeters, HI-758 
3.5 digit, 1-710 
full scale, III-761 
true rms ao, 1-713 

4.5-digit, III-760 
5-digit, III-760 
ac, III-765, VI-690-691 
wide-hand, 1-716 
wide-range, TIT-772 
add-on thermometer for, 111-640 
bar-graph, 1-99,11-54 
dc, III-763, VI-692 
high-input resistance, HI-762 
low-drift., V-301 

digital voltmeters (DVM), III-4, Vl- 
693, VI-329 

3.5-digit, common anode display, 
1-713 

3.5- digit, full-scale, four-decade, 

III-761 

3.75-digit, 1-711 

4.5- digit, 111-760 

4.5-digit, LCD display, 1-717 
auto-calibrate circuit, 1-714 
automatic nulling, 1-712 
interface and temperature sensor, 
n-647 
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LEI) readout, IV-28G 
temperature sensor and DVM, 647 
t’ET, 1-714, m-76f>, III-770 
high-input resistance, 111-708 
JEET, V-318 

LEL) expanded scale, V-311 
millivolt.meters, III-7G7, III-760, IV- 
289, TV-294, IV-295 
ac, 1-71G 

audio, 111-707, III-769 
dc, IV-295 
four-range, IV-289 
high - in p ut impedance, 1-715 
LED readout, IV-294 
rl, 1-405, 111-766 
voltohmmeters (VOM) 
field strength, I-27G 
phase meter, digital readout , IV-277 
volume amplifier, 11-46 
volume control circuits, IV-643-645 
telephone, 11-623 

volume indicator, audio amplifier, IV- 
212 

volume limiter, audio signal 
amplifiers, V-f>9 
VOR signal simulator, IV-273 
voting circuit, noise-based, VI-422- 
423 

vox box, 11-582, IV-023 
Vpp generator, EPROM, 11-114 
VU meters, III-487 
extended range, 11-487,1-715 
LED display, IV-211 

W 

waa-waa circuit, 11-590 
wallers (see alarms; sirens) 
wake-up call, electronic, 11-324 
Walkman amplifier, 11-456 
warblers (see alarms; sirens) 
warning devices 
auto lights-on warning, H 55 
high-level, 1-387 
high-speed, 1-101 
light, 11-320,111-317 
low-level, audio output., 1-391 
speed, 1-96 

varying-frequeney alarm, 11-579 
water-level sensors (see fluid and 
moisture detectors) 
water-temperaLurc gauge, 
automotive, 1V-44 
wattmeter, 1-17, VI-342 
wave-shaping circuits (see also 

waveform generators), 1V-646 651 
capacitor for high-slew rates, IV- 
650 

clipper, glitch-free, IV-648 
flip-flop, S/R, IV-651 
harmonic generator, IV-649 
phase shifter, IV-647 
rectifier, full-wave, IV-65U 
signal conditioner, IV-649 
waveform generators (see also burst 
generators; function generators; 
sound generators; square-wave 
generators; wave-shaping 
circuits), 11-269,11-272, V-200- 
207, VI-696-702 
AM broadcast-band, IV-302 
AM/IF, 455 kHz, IV-301 
audio, precision, 111-230 
four-output, HI-223 
harmonic generators, 1-24, III-228, 

IV-649 


high-frequency, 11-1.50 
high-speed generator, 1-723 
monostable multivibrator, VI-700 
pattern generator/polar-to-rert. 

converter, V-288 
precise, 11-274 
pulse generator, VI-699 
PWM signal generator, VI-698 
ramp generators, 1-540,11-521-523, 
111-525-527, IV-443-447 
555 based, V 203 
accurate, ill-526 

integrator, initial condition reset, 

III- 527 
linear, 11-270 

variable reset level, 11-267 
voltage-controlled, IT-523 
sawtooth generator, HI-241, IV-444, 

IV- 446, V-204, V-205, V-491, VI- 
575-577, VI-701 

signal source for audio 
amplificr/inverter, VI-702 
sine-wave generators, IV-505, TV- 
506. V-541, V-542, V-543, V-544, 
VI-701 

60 Hz, 1V-507 
audio, 11-564 
LC, 1V-507 
LF, IV-512 

oscillator, audio, ID-559 
square-wave and, tunable 
oscillator, 111-232 
VLF audio lone, IV-508 
sine/cosine generator, Vl-700 
sine/square wave generators, 1-65, 
HI-232, IV-512 

square-wave generators, 11-594-600, 
III-225, III-23U, 111-242,111-583- 
585,1V-529-536, V-568-570, VI- 
593-594 

1 kHz, 1V-536 

2 MHz using two TTL gates, 11-598 
555 timer, 11-595 

astable circuit, 1V-534 
astable multivibrator, 11-597 
CMOS 555 astable, true rail-to 
rail, 11-596 

duty-cyclc multivibrator, 111-50- 
percent, 111-584 
four-decade design, 1V-535 
high-current oscillator, 111-585 
line frequency, 11-699 
low-frequency TTL oscillator, 11- 
595 

multiburst generator, 11-88 
multivibrator, IV-536 
oscillators, 1-613-614,1-616,11- 
596, II-597,11-616, IV-532, IV-533 
phase-tracking, three-phase, 11-598 
pulse extractor, III-584 
quadrature-outputs oscillator, III- 
585 

sine-wave and, tunable oscillator, 
III-232 

three-phase, 11*600 
tone-burst generator, single timer 
IC, 11-89 

triangle-wave and, III-225, III-239, 
HI-242 

TTL, LSTTL, CMOS designs, IV- 
530-532 

variable duty-cycle, IV-533 
variable-frequency, IV-535 
staircase generators, 1-730,11-601- 
602, m-586-588. IV-443, VI-595- 
599 


stepped waveforms, IV-447 
sweep generators, 1-472,111-438 
test signal generator, VI-702 
three-phase digital, VI-343 
triangle-wave, ill-234, V-203, V-205, 

V- 206, VI-697, VI-698 
stepped, VI-596 

square wave, 1-726,111-225, ID- 
239, III-242, V-206 
timer, linear, 111-222 
two-function, IH-234 
VCO and, 111-737 
waveguide circuits, Vl-703-704 
wavemeter, tuned RF, IV-302 
weather-alert decoder, 1V-140 
weight scale, digital, 11-398 
Wheatstone bridge, VI-123, VI-148 
Wheel-of-Fortune game, iV-206, VI- 
254 

whistle, steam locomotive, 11-589,111- 
568 

who’s first game circuit, HI-244 
wide-range oscillators, 1-69,1-730,111- 
425 

wide-range peak detectors, 111-152 
hybrid, 500 kHz-1 GHz, 111-265 
instrumentation, HI-281 
miniature, III-265 
UHF amplifiers, liigli-performance 
FETs, III-264 
wideband amplifiers 
low-noise/low-drift, 1-38 
two-stage, 1-689 
rf, IV-489, IV-490, IV-491 
HF, IV-492 
JFET, IV-493 
MOSFET, IV-492 
t.wo-CA3100 op amp design, IV- 
491 

unity gam inverting, 1-35 
wideband signal splitter, 111-582 
wideband two-pole high-pass filter, 
11-215 

Wien-bridge filter. III-669 
notch filter, 11-402 

Wien-bridge oscillators, 1-62-63,1-66, 
1-70,11-566,111-429,111-558, IV- 
371, IV-377, IV-511, V-415, V- 
419, V-541. VI-439, VI-444 
CMOS chip in, II-568 
low-distortion, thermally stable, HI- 
557 

low-voltage, HI-432 
sine wave, I-G6,1-70,11-566. IV-510, 
TV-513 

single-supply, III-558 
thermally stable, III-557 
three-decade, FV-510 
variable, III-424 
very-low-distortion, IV-513 
wind chimes, electronic, VI-591 
wind-powered battery charger, 11-70 
windieator, 1-330 
window circuits, 11-106, III-90, III- 
776-781, IV-G55-659, V-673-674 
comparator, IV-656-657, IV-658, IV- 
659, V-299, V-G74 
detector. 1-235, HI-77G-781, IV-658, 

VI- 181 

digital frequency window, III-777 
discriminator, III-781, V-674 
generator, IV-657 
higli-input-impedance, 11-108 
windshield wiper circuits (see 
automotive circuits) 
wire tracer, 11-343 
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wireless microphones (see 
microphones) 

wireless speaker system, IR, 111-272 
wiring 

ac outlet tester, V-318 
ac waring locator, V-317 
two-way switch, V-591 
write amplifiers, 111-18 
WWV converter, VI-147 
WWV receiver, VI-538-589, VI-558 

X 

xenon flash trigger, slave, III-447 
XOR gates, rV-107 
complementary signals generator, 
111-220 


oscillator, 111-429 
up/down counter. III-105 


Y 

yelp oscillator/siren, 11-577, III-562 


Z 

Z80 clock, 11-121 
Z-Dice game 248-249, VI-248 
zappers, battery, 11-64,11-66,11-68 
zener diodes 

clipper, fast and symmetrical, IV- 
329 

increasing power rating, 1-496, II- 
485 


limiter using one-zener design, IV- 
257 

test set, V-321 
tester. 1-400 
variable, 1-507 

voltage regulator, programmable, 
IV-470 

zero crossing detector, 1-732,1-733, 
11-173 

zero crossing switch, VI-606 
zero meter, suppressed, 1-716 
zero point switches 
temperature control, 1II-G24 
triac, 11-311 
zero-voltage switches 
closed contact half-wave, III-412 
solid-state, III-410,111-416 
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